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* ESTR/.CT
The coordination chemistry of various transition metal 
halides and carbonyl compounds has been investigated from 
several viewpoints.
The coordination behaviour of 1 ,3,2 ,2. aiazadiphosphetidines 
exemplified by (ClFNBu^Jg, towards metal halides and carbonyls 
has been studied. Novel metal complexes incorporating 
the four-membered ring system as a bidentate P-donor have 
been characterized. Both bridging and chelating behaviour 
was observed.
From the reactions of FegiGO)^ with the potentially 
tetradentate N-donors, THIN, Ke^TREN and TRIEN, both mono-and 
bi-nuclear complexes have been isolated. However in all cases 
the ligand appeared to be denyea a tetradentate mode of attach­
ment .
For the t'Cly'N’te^ (!,:=Ti,V and Cr) systems, a second, mono­
adduct was identified for each case, namely [VdjOf e^ )]
(M=Ti,Cr) and [VCl^CNMe^].
The reactions of (C^H^TiCSZtJg with [ycl^(THF)^] 0'=Ti,
V and Gr) have been studied in a preliminary investigation 
into possible routes to mixed-valence compounds. From 
the evidence collected we find that ligand exchange occurs 
r?ther than formation of the desired mixed-valence species.
As a result of collaboration with Nairobi University, 
the reactions of thiourea with the group VB trihalides 
have been investigated. Spectral data provided evidence 
for coordination of thiourea via the sulphur atom in all 
complexes except the PCI, case, for which unambiguous 
characterization was not achieved. A further study of 
the antimony complexes as possible schistosomicides is being 
carried out at Nairobi University.
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VIATICUS.
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CHAPTER ONE
INTRODUCTION.
1A COORDINATI PI» CHZ-VISTRY.
In this research project several different systems were 
studied in the general area of inorganic coordination chemistry. 
The overall view was to investigate the coordination behaviour 
of a variety of donors towards selected metals by synthesis 
and characterization of their complexes. As a consequence 
of the diversity of systems studied a detailed review of each 
seems inappropiate here. Rather, a broader discussion of 
the more fundamental aspects that make up a classical coord­
ination study is deemed more pertinent. In addition, each 
chapter will have a short introduction of its own giving 
the relevant background.
Coordination Compounds.
The term "coordination compound" is extremely difficult 
to define. Historically it was used to describe compounds 
in which the number of ligands exceeded the oxidation number 
of the central atom. Such compounds offered an intriguing 
challenge to the early inorganic chemist since they appeared 
to defy the usual rules of valence. Nowadays the terra is 
used to embrace all species, charged or uncharged, in which 
a central atom is surrounded by a set of atoms or molecules, 
termed ligands. (See also Appendix B).
The ligands need not be small independent atoms molecules, 
but may involve fairly elaborate molecules attached by more 
than one coordinating atom, that is chelating ligands.
Many metal ions not only exhibit more than one coordination 
number for any given oxidation state, but also more than
one geometrical configuration for the same coordination number. 
For example nickel (II ) may adopt six-coordinate octahedral, 
five-coordinate square pyramidal, four-coordinate tetrahedral 
and four-coordinate square planar structures depending on the 
nature of the ligands. Coordination numbers cannot, necessarily, 
be determined on the basis of elemental composition alone. 
Molecules may combine through bridging ligands atoms or dir­
ectly via metal - metal bonds so that, although titanium (I V) 
chloride is monomeric and tetrahedral 1 crystalline zirconium 
(IV) chloride has a polymeric chain structure in which ZrCl o poctahedra are joined by two edges to form a zig-zag chain (A).
13 STRUCTroAL CONSIDERATIONS.
When studying coordination compounds it is necessary to be 
aware of the possible geometrical configurations which may be 
adopted for each coordination number. For "typical" coor­
dination compounds, coordination numbers from two to nine are 
usual, although examples of higher coordination numbers are 
known.
Coordination Number T.ro
Few complexes are known with coordination number two, and
they o r e  generally limited to  the 1+ ions of the group 13 metals 
and the closely related Hg (II) species. Of the two geometric
Cl Cl
A
1possibilities, linear or bent, the former predominates in
these heavy metal complexes; example include [Au(PPh,)0l^l 
and Pd(PPhBu 2>2 • Bulky ligands can often force metal
atoms to adopt low coordination numbers, for example
(Me^Si^ N-. The cobalt (II) complex of this ligand exhibited
molecular weight values, electronic spectra and other physical
properties consistent with a monomeric formulation, CoII^SiYe^^
in which the cobalt has the unusual coordination number two^ 
Coordination Number Three
Three coordinate complexes have only recently been 
examined in any detail, but the range now known is fairly 
wide? The great majority involved the bulky bis(trimethylsilyl)- 
amido group, mentioned above, bound to a variety of metal centres. 
These complexes, 11[ii(Sil.'e^ ) y  fell into two structural types
i) Trigonal planar configuration ^  (Fig.1.1)
examples of which include 1= Ti, V, Cr, Fe, Al, Ga and In.
ii) pyramidal configuration 10 (Fig. 1.2),
where M=Sc,Eu and Yb.
The configurations of three-coordinate complexes are 
not restricted to perfect trigonal planar and trigonal 
pyramidal structures. Deviations from perfect symmetry do 
occur, for example the [Hg(Ye)(bipy)) + c:-.tior. is markedly 
distorted from trigonal symmetry (B). 11
( 6 9 > ^ — Me
'N  ^ 164’
- 3
Fig.1.1. Crystal and Molecular Structure  of
T r is  (hexam ethy ld is ily lam ido  ) iro n (H I)
F ig. 1.2. C ry sta l and Molecular S tru c tu re  of
Tris ( hexam ethy ld is ily lam ido  ) s c a n d iu  m fln )
-  U -
Coordination Number Four,
7/ith coordination number four the structures adopted 
may be conveniently divided into tetrahedral and 
square planar forms, although intermediate and distorted 
structures are known.
Tetrahedral complexes are favoured by sterically bulky ligands 
and small metal ions of three types:
a) those with a noble gas configuration eg, Be(II)
b) mnose with a pseudo-noble gas configuration eg. Zn(Il)
c) those transition-metal ions which do not strongly 
favour other structures, such as Co(II).
There are innumerable examples of tetrahedral and distorted 
tetrahedral complexes. For example many copper (I) complexes 
are tetrahedral such as the [Cu(CK)^]3- ion in KjCu(CN)^ 12and 
[Cu(P?h3)2(N03)l. 13
Square planar complexes are less favoured sterically 
and may be crowded by large ligands. With small ligands, formatioi 
of an octahedral complex with two additional cr-bonds can 
occur with little or no additional steric repulsion.
Consequently square-planar complexes are formed with only
Q
a few metal ions, the majority of which have a d electronic 
configuration, ie. Rh(I), Ir(I), Ni(II), Pd(II), Pt(II) and 
Au(III). An explanation for this can be seen by inspection 
of the splitting of the d-orbitals when placed in the
O
different crystal fields. For d , in the square planar 
configuration, the highest energy level is left unoccupied 
and this configuration is stabilized relative to a tetrahedral
- 5 -
geometry, 
t etrahedral :
square planar:
" ^ ^ ^ x y ’^yz ,dzx -U---dxy
-dx’-y1
= W t = d yz.clzx
Other metals may also form square planar complexes v;ita
I ) IKappropriate ligends, such as 1 , 2 dithiolates, * J
eg. the bis(maleonitrile dithiolato) cobalt (II) anion, ^ (C).
NC>
Co
\ S '
2 -
2t Bu^ N ] * 
A
Four-coordinate complexes may exist in both tetrehe irai
and square planar configurations depending on conditions.
For example addition of ethyldiphenylphosphine to nickel (II;-
bromide gives green, tetrahedral f (PhgPBtJgtTiB^ l (D) ,
which gives a red solution in benzene or carbon disulphide.
On cooling the red solution to 1?5K, dark red crystals of
17 16the square-planar isomer (F) are obtained:- '*
2 (Fh^PEt) + I.iBr2 hot. yS"\
Br /  f 'P ^ E t
PPh-Et 
EtPh2P\  / Br
D Green
E Red
PPh2Et
X
Coordination Kumber Five.
One of the most active areas of research in structural 
chemistry in recent years has concerned five coordination, 
examples are known for all the first-row transition metals
i q_22from titanium to zinc. Steric rather than electronic
factors generally influence the formation of five-coordinate 
complexes. A larse number of such complexes have been prepared 
by using sufficiently bulky ligands so that non-bonding re­
pulsions limit the coordinations number to five. Others by 
the design of multidentate ligands in which the interaoncr 
atom distances and angles closely match the edges of the 
coordination polyhedra. Probably the best known of this latter 
group are the tripod ligands, (AX)^B, where A and B are donor 
atoms and X is an organic residue. Such ligands have three­
fold symmetry which they can impose upon the metal ion to 
produce trigonal bipyramidal complexes, for example 
[Ni{(Ph2PCH2CH2)3N}ll+r  (Pig 1 .3 ).  23
There are two limiting structures, the trigonal 
bipyramid and the square-based pyramid. The latter is rarely 
found for main group metals whereas both are known for 
transition metals. In pratice, the actual geometry observed 
is often a distortion of one of the two limiting structures.
It is possible to group the variety of structures determined 
into five categories:
i) Regular trigonal bjpyremid. Examples here include
Fe(CC)5 21 and the [ PtiSnCi^]3- ion. 25
ii) Slightly distorted trigonal bipyramid. In these cases 
actual bond angles are often close to the regular 
values. There is true three-fold symmetry but the 
central atom may be a little out of the equatorial 
plane and the Lr-L distances may differ. A typical 
example is tris(2-diphenylphosphinoethvl)amino- 
nickel (II) iodide, * in which the nickel atom is 
displaced by 0.12k from the equatorial plane, towards I. 
Independent bond lengths about the nickel atom are 
Ki-I=2.b8, Ni-P=2.22 and Ki-N=2.28A (Fig.1,3).
iii) Highly distorted trigonal bipyrarrid. these can also be 
veiwed as highly distorted square pyramids. This 
structure is often found among Schiff base complexes
for example N-I3- diethylamineethyl-5-chlorosalicylaldimino- 
nickel (II) 27 (Fig. 1.2,.).
iv) "Regular" square pyramid. Definitive example where the 
central metal atom lies in the basal plane have never 
been observed with certainty. Probably the closest
O
cases are the 1:1 adducts of stable square planar d 
systems, such as [ P d l O ^ A s ^ C g H j  X] + . 2®
v) Distorted square pyramid structures. Here the central 
metal atom lies out of the basal plane and inside the 
pyramid. These are quite comraor^and examples include 
(Fe(S2CHEt2)2Cl) in which the iron atom lies 0.63^ above 
the basal plane 2'/ and ICoiOAsPl^Ie^ClO^)] CIO^ where
9 ^0the cobalt atom lies 0.32?. above the basal plane.
Fig. 1. 3 Structure of [ Ni { ( P t ^ P C b ^ C l^ g N j ir i
Fig. 1.4 Ske tch  of the m olecu lar s t ru c tu re  of
[ 5 -C l-S A L e n  N (C  ^ ^ N i  .
The actual geometry adopted depends on a variety of factors
The crystalline complex l Cr hi(CN)fj]1 .SligO
is of interest as it contains two crystallographically 
independent [Ni(CN) ions. One is a square pyramid with
the nickel atom 0.3-V^  above the basal plane (Fig.1.5) and the
31other a distorted trigonal bipyramid (Fig.1.6).
Cooraination Number Six.
The octahedral situation is easily the most common
32 33geometry for six- coordinate complexes. In fact the report * 
of the crystal structure of the trigonal prismatic complex 
tRe(S2C2Ph2 ),(Fig. 1.7), in 1965, caused some surprise.
The stabilization of one six-coordinate geometry with 
respect to another will be the result of (a) maximising 
•metal-ligand bonding interactions,(b) minimising all non- 
bonded contacts ana (c) maximising bonding interactions
71
between the atoms of the licand itself. Twisting of the 
octahedron (F) about the three fold axis results in the 
formation of a trigonal prism (G).
In the ¡fitter,the conor atoms are eclipsed, and consequently 
condition (b) is violated. This can only be relieved by 
lengthening the metal-ligand bond distances or by trigonal
elongation, both of which violate condition (c). Therefore,
Fig. 1.5. Square pyramidal [ Ni(CN) ]3_. 
5
Fig. 1.6. Trigonal bipyram idal [ N i ( C N ^ ] ',3-
Fig. 1.7 Molecular structu re  of [R e (S  C Ph ) ].
F ig. 1.8 S tru c tu re  of [{FB(ONCH CgH3N)3P)Ni f
in most cases the octahedral stereochemistry is favoured 
over the trigonal prism. To stabilize the trigonal 
prismatic geometry a ligand is required which will maximise 
all bonding interactions and minimise all non-bonded contacts 
when in such a configuration * . To this end rigid,
hexader.cate ligands, capable of encapsulating a metal atom 
have been synthesised, eg. fluoroboro tris (2-aldoximo-6-
7 r
pyriayl) p h o s p h i n e . T h e  nickel (II) complex of this ligand
has been prepared and shown to be practically trigonal pris-
© ^ 7rcatic with a twist angle of only 1.5 (Fig. 1.8). In 
these complexes a fine balance between the steric dictates 
of the ligand and the electronic nature of the central 
metal atom exists. In the iron (II) complex the balance 
is weighted towards electronic factors end a distorted
7C;
s t r u c t u r e  with a t w i s t  a%le of -21° is o b se r v e d *7’ . 
C o o rd in a t io n  Number seven
39 1.0The majority oi seven-coordinate complexes * can 
be described in terms of three polyhedra, pentagonal 
bipyramid (G), capped octahedron (H), and capped trigonal 
prism (J).
H
a
- I u -
i)
ii)
The pentagonal bipyramid. Here the axial sites are 
the least, while the equatorial sites are the most, 
crov/ded. Consequently, in most [ 2£L7] cases the 2rI-I.
bonds are shorter than the }.!-L bonds. Chelate ligands 
with small "bite" distances, such as nitrate, are well 
suited to occupy the equatorial positions. Planar 
pentadentate ligands have also been used to stabilise 
pentagonal bipyramidal structures by occupying the 
complete ring of equatorial sites, eg. [ FeL-(NCS}r,J'^ 
( F i g .  1.9), ’./here L is shown below:-
The caooed octahedron. This is found most frequently
in two ty p e s  of compound:-
a) molybdenum (II) and tungsten (II) carbonyl halides
v.ith phosphorus and arsenic ligands, eg. ditro.no-
tricarbonyl ' bis (diphenylphosrhino) ethane
) p
molybdenum ( I I )  - 1 - a c e t o n e .  ( F i g  1 .1 0 )
b) :.I(L-L)3I. com plexes of the rare earth metals
t
Fig. 1.9 Molecular structure of [Fe  L_(N C S L ]
5 L
Fig. 1.10 M olecu lar structure  of
[ M o (P h 2P(CH2)^>Ph2l (CO) Br2 l.
11
eg. Ho (C6H5COCHCOC6H5 )3. H20 . 13
iii) The. capped trigonal prism. This is more frequently 
found in polymeric structures, such as ZriSO^g, ^  
than in monomers, although it has been found to be 
the preferred geometry for [Mo(CIIR)^]2+ and 
[ï'o(CNR)gX]+ complexes. For example in heptakis- 
(tert-butyl isocyanide) molybdenum (II) hexafluoro- 
phosphate ^  the geometry of the [Mo(CNR)^]2+ cation 
is close to the idealised C2v monocapped trigonal 
prismatic geometry.
Coordination Number Eight.
Several idealised geometries are possible for eight 
39 ¿.7—50coordinate complexes, ’ the dodecahedron (J),
square antiprism (K) , the cube (L), the hexagonal 
bipyramid (¡1), and the bicaooec trigonal prism (K).
The few examples of a bicappec trigonal prismatic
arrangement tend to be grossly distorted. The cube ana the
hexagonal bipyramid are very rare; the former is known only
in crystal lattices,and the latter in some uranyl complexes.
In uranyl complexes hexagonal bipyramid structures are
feasible because of the strength of the uranyl group and the
large size of the uranium atom. Steric crowding sometimes .
forces the hexagonal girdle from planarity. Thus although
the girdle is planar in the [UOgipyridine 2,6 dicarboxylete)]
anion, it is considerably puckered in the[U02(diethyl-
52aithiocarbamate)] anion.
There is very little difference in interligand repulsions 
between the dodecahedron and the square antiprism. Slight 
bending motions may convert one into the other, in consequence 
intermediate geometries are also found. Of the numerous 
examples now known containing both the dodecahedron and 
square antiprism arrangements, by far the commonest are the
type [M(L-L)1 n7 examples include the dodecahedral tetrakis-
53(oxalato) zirconium (IV) anion and square antiprismatic
5»
zirconium (IV) acetylacetonate.
The small energy difference between the dodecahedral
and square antiprismatic arrangements makes it difficult to
predict configurations. Thus the [ZrFg] ^“ anion is
dodecahedral in Lig(BeF^)(ZrFg) ^  (Fig 1.11) but square
antiprismatic in [ Cud^Ojg^i ZrFg] ^  (Fig 1.12).
Coordination Humber "ine and Higher
39 L°Nine-coordinate structures ' • 'r * - ' are fairly common in
F ig .1.11. D odecahed ra l [Z rF Q i*~D
Fig. 1.12. Square Anti-prism atic [ Z r F 8
molecular complexes of the lanthanide and actinide ions but 
exceedingly rare with other metal ions. Nine-coordinate 
complexes are always described in terms of two ideal 
geometries, viz, the tricapped trigonal prism (P) or the 
capped square antiprism (Cj.
P Q
All monomeric ELq type complexes known have tricapped
O
trigonal prismatic structures, eg. the[ReKy] ion in 
57KgReHg (Fig 1.13). Capped square anti prism arrangements 
are rare although a large number of complexes have been 
shown to have structures intermediate between this geometry 
and the tricapped trigonal prism.
Coordination numbers higher than nine are known but 
tend to be restricted to the lanthanides and actinides involving 
small monocentate ligands and chelate ligands with small
bites, eg. rHo(NOj)^] contains ten-coordinate holmium 3
2— 50and [Th (No^)gl ” twelve-coordinate thorium.
1 C PHYSICAL rgCHjilvUVS
Unambiguous struclural information may be obtained usin^
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x-ray, neutron or electron diffraction methods. Literally 
thousands of structure determinations have been reported. 
However not all systems are amenable to this type of study, 
possibly because suitable crystalline materai cannot be obtain­
ed or decomposition occurs before the completion of data 
collection. Furthermore solid state structures may not 
be retained in other phases. However other physical tech­
niques may also play a vital role in the determination of 
the structures of coordination compounds. They may also 
give valuable information about dynamic processes, which 
diffraction studies cannot. Several different techniques 
and their relevance to the research work described in this 
thesis will now be discussed.
Infra-red (I.R) Spectroscopy.
lletal carbonyls are an interesting group of comoounds 
since the carbonyl ligands stabilize the metal in low oxid­
ation states. The carbonyl groups are easily displaced, 
so that metal carbonyls are frequent precursors to other 
systems. Any carbonyl groups remaining often stabilize 
the molecule with respect to oxidation and/or thermal 
decomoosition. Further they are useful probes to the 
electronic and molecular structure of the comcound, as the 
C-0 stretching vibrations are sensitive to environment.^0-^  
The C-0 stretching motion may be treated independently since 
the large energy difference between this vibration and the 
M-C stretching and M-C-0 bending modes means there is no
- 15
As a terminally bonded ligand, M-CO, as in Fe(CO)^,
coupling between them. The carbonyl group can coordinate 
in three ways:
a)
with stretching frequencies in the region 2150 to 
1800 cm“1.
b) As a bridge between two metal atoms M, as in
Fe2(C0)g, with stretching frequencies occuring in 
the range 1850-1700 cm-1.
c) As a bridge between three metal atoms >-M, as
x COI
1£
in RhgCCO)^, with stretching frequencies as low as 
1620 cm“1.
It should be noted, that these are not necessarily 
limiting forms as intermediate bond types are known.
The C-0 stretching frequencies given are only meant as an 
approximate indication to position, since the presence of 
ligands without "--acceptor properties may force terminal 
carbonyl frequencies into the 'normal' bridging carbonyl 
range.
The number of infra-red active vibrations of a
/T P
polyatomic molecule is related to the molecular symmetry. 3 
Consider a molecule L^UCO)^, which may exist as either 
cis- or trans-isomers. The cis-isomer has symmetry 
and four infra-red bands are predicted:-
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Only one band is expected for the trans-isomer:-
The infra-red spectrum of [lio(CO)^bipy] exhibits four carbonyl
stretching bands at 2022, 1906, 1877 and 1826 cm-1 confirming
that the two nitrogen atoms are coordinated in cis- positions.
•Vhereas for the complex [ Mo ( CO ) ^  (PMe^)2 1 only one strong
absorption is observed at 1693 cm indicating a trans
*  66arrangement.
A number of other factors may ..affect the spectrum, 
eg. the presence of unsymmetrical ligands may lower the 
symmetry giving additional bands to those expected. Also 
bands may be missing through accidental degeneracy, poor 
resolution or weak intensity. Other types of ligands which 
have fundamental stretching frequencies in the carbonyl 
region include dinitrogen complexes (*EhN), metal hydrides 
and metal nitrosyls (v I.'h O) . These points must be 
borne in mind when interpreting spectra.
From direct comparisons of v(C-O) frequencies of related 
complexes certain qualitative conclusions may be drawn. 
Carbonyl stretching frequencies are dependent on the nature of 
any other ligands present and their ability to disperse
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electron density. They have been used as measures of the 
«■- and ir- bonding capabilities of the other ligands. 
Electronegative substituents, such as halide ions or 
perfluoroalkyl groups, may raise the (C-0) frequency above 
that in unsubstituted carbonyls. Lewis bases, being less 
good ^-acceptors than carbon monoxide, lower the frequency 
when they replace carbonyl groups. From the magnitudes of 
these effects orders of ligands with respect to their 
bonding ability have been discussed. “ (Table 1.1)
Table 1.1 Carbonyl stretching frequencies in KL(CO)^
complexes
C om p lex
A1 A1
v (C -O )
B1
cm-1
m o ( p c i 3 ) ( c o ) 5 2095 2001 • • • • 1 9 8 7
M o(P C l2 O E t)(C O )5 2091 1987 2012 1975
M o[P(OMe) J ( C O ) , -  
3 5
2G50 1967 1995 1 9 5 0
M o(PPh3 ) ( C O )5 2078 1951 1990 1951
M o(P E t3 ) ( C O )5 20 7 0 m i 1980 191-8
3io(C6H11MH2 )(C Q )5 2072 1895 1983 1 9 3 8
Ko(M e2NCHO)(CO)5 2068 182,7 • • • • 1 9 2 L
The position of the carbonyl stretching frequency has 
been used to characterize the products from the reaction
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of AlClj with a variety of cyclopentadienyl and aryl 
carbonyl transition metal complexes. In these reactions 
two modes of adduct formation are possible;
On addition of AlCl^ tot (C^H^)Mn(CO)in benzene a low 
frequency carbonyl stretching mode (1717cm“1) is observed 
consistent with the formation of R . In dichloromethane, a 
third species was observed, exhibiting high frequency 
carbonyl bands (2080 and 2118 one“1). This v.as assigned 
to a product with attachment via the manganese atom (S). 
Similarly the 1*.1 adduct of B?j with [(Ph^PC^H^) lio(CO)^] 
shows an increase in the number of carbonyl absorption 
bands which are also shifted to higher frequency?1 
Both observations are consistent with attachment to the 
metal (Table 1*2)
Far Infra-red Spectroscopy.
The low frequency infra-red region (500-100cm"1) 
can be very important in the study of coordination 
compounds, since metal-ligands vibrations are generally 
. 72-75. jn particular, metal-halogenfound there
- 19 -
'
Table 1.2 Carbonvl stretching frequencies of some 
Metal carbonyl complexes and their AlCl^or BF, adducts.
Complex •v(CO) cm-1
(C5H5) Mn(CO)3 2025,' 1938
(C5H5) Mn(CO)3.AlCl3 in 
benzene
2117 (w) 2036(s;2025(vs) 
2001 (s) 1938(vs)17L7(s)
(C5H5)Mn(CO)3AlCl3 in
c h2c i2
2118(w) 2080(sh) 2059(s) 2025(vs) 
2005 (s) 1938 (vs) 17W(s)
(PhjPC^H^) Mo (CO)3 1901. (s )  1808( v s ) 1791 (sh )
(Ph3PC5H^) Mo (CO)3.BF3 2016(w) 19-3 3<sh) 1957(s) 
1935(s) I896(sh)
vibrations have been studied extensively and certain valuable
~7f\ 77trends and correlations have been discussed' ’''(Table 1.3) 
Table 1.3 Some factors determining the position of metal- 
halogen stretching vibrations.
Factors Effect
Oxidation state of metal Higher oxidation State- 
Higher frequency
Mass of metal and ligand Larger mass - Lower frequency
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Table 1.3 continued.
Coordination number of the 
metal
Higher coordination number- 
Lower frequency.
Counter-ion Increased size of counter-ion
.
-Decreased frequency.
Bridging or non-bridging Non-bridging ligand at
ligand. higher frequency than bridging.
Ligand field stabilization 
energy
Higher energy - Higher Frequency
a) Oxidation state. If the coordination number of the metal 
remains constant, the metal-halogen stretching frequencies 
generally increase as the oxidation number of the metal inc­
reases. This trend is exemplified in table 1.1.
Table 1.1- Effect of oxidation state on (V.-X) vibrations.
Compound S te re oc hemi s try Oxidation
state
v(M-X) (cm-1)
IT °h 568
IT?' °h 5 667
IrF6 °h 6 719
follows that for heavier atoms the frequency will be 
lower, providing the force constant, k, is similar. (Table 1.5 
Table 1.5 Effect of mass on »(K-X) frecuencies.
Compound r(M-X) (cm-1)
MnCl^ 2" 258, 219
MriBr^ 2~ 195, 157
« V 116, 111
TiCl4(L-L)2 * 325, 317
ZrCl4(L-L)2 * 303, 295
KfCl^(L-L)2 * 281, 273
* (L-L) = o-phenylene bi s( dime thy lamine ).
c) Coordination Number. In general, for a given oxidation 
state of a metal., the metal halogen stretching frequencies 
decrease as the coordination number of the metal increases. 
This reflects the general tendency for the longer bond 
lengths in metal complexes with higher coordination 
numbers. (Table 1.6)
d) Counter-ion effect. For a particular ion associated 
with different counter-ions, there is usually a shift
in the fundamental frequencies. Some of the anion modes
are more sensitive to change of cation than others
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However, in general the highest frequencies are found when 
the anion is associated with the smallest cation, (Table 1.7)
Table 1.6 Variation of »(Ti-Cl) and (V-Cl) with 
coordination number.
1
Complex Coordination Number » (M-Cl) (cm-1)!
TiCl^ l 1 9 0
TiC1^.2L 6 380
TiClr 2(L-L) 8 317 '
VCl^ l 00 ro
VC1^.2L 6 370
VC1 .2(L-L) 8 317 |
Table 1.7 Variation of the infra-red active frequencies
2_with cation for square planar PtCl^ complexes.
C a t io n "2 "6 *7
K 175 325 193
Rb 167 320 190
C s 160 316 185
e) Bridging vs non-bridging. It is generally accepted that 
bridging (K-X) frequencies are lower than terminal ones. 
However unequivocal assignments are not always possible 
in complexes containing both bridging and terminal metal- 
halogen bonds.
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f) Ligand-field stabilization energy. It has been found
O
that for the series of tetralkylammonium salts of MX^ 
the v^M-X) follows the sane pattern as the order of ligand 
field stabilization energies, ie Kn<Fe< Co >Ni> Zn.
Nuclear Magnetic Resonance(U.M»R)Spectroscopy.
A wide variety of problems can be solved by using N.M.R.
• 7 0  Q  4
techniques, with most instruments capable of studying 
1H 1,1B,13G,19F and 31P nuclei.
N.M.R.is particularly useful for the investigation 
of structures in solution. For rigid structures, ie. the 
nuclear configuration is maintained for a time that is large 
compared to the N.M.R. time scale, geometries can often be 
identified from examination of characteristic resonance 
frequencies and/or spin-spin fine structure. Fluxional 
molecules possess more than a single configuration representing 
an energy minimum, several such minima being possible and 
accessible with ordinary thermal energies. N.M.R. 
techniques have proved invaluable in the study of such 
fluxional molecules, and variable temperature experiments can 
often determine the nature of the dynamic process occuring 
in solution.®^*®3
The molecular dinitrogen complex [HCoNgiPPhj)^] is 
rigid on the N.K.R. time scale and its hydride resonance con­
sists of a 1:3:3:1 quartet, suggesting coupling with three 
equivalent phosphorus nuclei. This is consistent with the thre 
phosphorus ligands occupying the equatorial positions of a
O »
trigonal bipyramid (T).
-  21 -
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Ph p.  .
3 ^ .C o — PPh,
Ph3 P
H
T
Infra-red and electron diffraction data has shown that
1QPF^ has a trigonal geometry but the F.K.N.R. spectrum
8hconsists of a single doublet down to 113K. A fast 
intramolecular process must be occuring which exchanges 
equatorial and axial fluorines. The soin-spin coupling (Jp p) 
is maintained discounting a dissociative mechanism.
The accepted mechanism for the exchange process is Berry 
psuedorotation, with a square pyramidal transition state
c
This type of behaviour is a common feature of 
five-coordinate structures. The cationic five-coordinate 
complex [Rh { P(0He)j}^ is of interest as the rate of 
the exchange process may be reduced to a frequency that 
is low on the N.M.R. time scale at low temperatures, 
allowing unambiguous assignment of a trigonal 
bipyramidal structure. The low temperature spectrum
is complex and corresponds to a computer simulated spectrum
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for an AgB^X model. On warming the signals broaden, 
finally coalescing to give a sharp doublet, indicating the 
intramolecular exchange process.
N.M.R. may also be used to study intermolecular 
exchange reactions. However this area has received much 
less attention. Consider the hydride complex [ HgRhCKPPh^)^], 
shown by and ^1P N.M.R. to have the structure U. The
H
h — P P h - 
3
PPh3
Cl
U
31 1P { H}N.M.R. spectrum at low temperature exhibits a doublet 
of doublets for the phosphorus nuclei F" (split by Rh and by 
P') and a doublet of triplets for the nucleus P- (split by Rh 
and 2 P"). At high temperatures the P'-Rh and the 
couplings are lost, while tne P"-Rn coupling is retained.
This shows that the P' ligand dissociates at an appreciable
Qy
rate at the higher temperature. *
Metal carbonyl complexes are commonly fluxional, either 
by similar interconversions as discussed for the five coord­
inate complexes or via interconversion of terminal bridging 
carbonyl groups. The complex l(C5H5)2Fe(CO)J has been
OO
extensively studied with reference to the latter. For 
this molecule three isomers are important (V, W,X).
1
By oberserving the cyclopentadienyl proton resonances, it 
has been snown that the cis (V) ana trans (ft) bridged structures 
interconvert rapidly at room temperature. Below 223K the 
interconversion is slow enough to give separate proton N.K.R. 
signals. A variable temperature C.N.r'.P. study confirmed that
qq
tnis urocess occurs via the non-bridged isomer (X).'
Electronic Spectroscopy
It has long been realised that the electronic and 
stereochemical structure of a metal complex is reflected in
Q1 02its electronic spectra.' ’'
Simplicistically, the five degenerate d-orbitals of 
a transition metal ion will lose their degeneracy when placed 
in a spatially non-uniform electric field, such as that gen­
erated by a set of ligands surrounding the ions. This is 
because the five d-orbitals are not spstielly identical. Those
For the octahedral case, the d-electron will occupy 
the lowest energy orbital, ie, a t^orbital. Upon irradiation 
the ion may absorb sufficient energy to promote the electron 
to the urper e^, level. The absorption band which results 
from this process is found in the visible spectrum of the 
hexpaquotitanium (ill) ion and is responsible for its con­
spicuous violet colour.
that are in position to interact most with the ligands will
increase in energy; the reverse is true for the others (Fig 1.H
and 1.15).
Using the hole formalism the same discussion applies for
o 2 8d' ions. However with ions having d -d electronic
configurations tnis simple picture does not hold, a second
interaction, between the electrons, also occurs. For these
configurations energy-level diagrams based upon Russell-Saunders
states, of the relevant dn configuration are used. Just as the
set of five d-orbitals is split by the electrostatic field
of surrounding ligands, so are the various Russell-Saunders
states of a dn configuration (Table 1.8)
zd
z
z1 i
X
Fig. 1.14 Representation of d -o rb ita ls.
/
d x z .dXy»d yZ / ^ i /■*» _ —•/
e - '  N ♦
*29
d x-y*»d z » d Xy i
Td %
field field
Fig. 1.15 d-orlo ita l splitting in fie lds
and 0 h symmetry.
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Table 1.8 Splitting of Russell-Saunders states in 
Octahedral and Tetrahedral Electrostatic Fields.
State of free ion States in the crystal 
field
S A1
P T1
D E +T2
F a2 +t1+t 2
G A1 +E+T-jVT2
H E +2T1+T2
Although the states into which a free ion state are 
split are the same in number and type in both octahedral and 
tetrahedral fields, the pattern of energies is mutually in­
verted. Energy level diagrams for ions in electrostatic 
fields of various geometries have been drawn up by Orgel and 
by Tanabe and Sugano, for use in interpreting electronic
q 3 qi pspectra. For a d ion the complete energy level
diagram is given in Fig 1.16. There is a quantum- 
mechanical selection rule that forbids transitions between 
states of different spin multiplicity, This means that in the
3present case only three transitions will occur, from the T^
5 xground state to the three triplet excited states, T2» A2,
and ^T^(P). This agrees with the spectrum observed for
1Fig. 1.16 Com plete energy level diagram  for the 
2
d con figu ration  in an octahed ra l 
c rysta l field.
[VO^OÎg]^'1" which contains three absorption at 170CO, 25000, and 
38000 cm:1
d-d electronic transitions are forbidden under the 
quantum-mechanical selection rules for light absorption. These 
rules may be stated as follows:-
a) Spin forbidden. Transitions in which there is a change 
in the number of unpaired electron spins are forbidden.
b) Orbitally forbidden. (Laporte rule). Transitions invol­
ving the redistribution of electrons in a single quantum 
shell are forbidden. However the Laporte selection rule 
may be relaxed, for centro-symmetric complexes by 
vibronic coupling and for asymmetric complexes by 
mixing of p and d orbitals.
Thus d-d transitions do occur but they are very weak.
Other electronic transitions may be observed in the 
electronic spectrum of a complex:-
a) Ligand' spectra. Ligands such as water and organic mole­
cules possess characteristic absorption bands. There 
are three types of ligand absorption :-
i) n-»<r''. When atoms in molecules possess lone-pair electrons 
that are not involved in the internal bonding, the 
transition of lowest energy is n — ► a*
ii) n -»7r . These transitions can occur in molecules 
containing atoms that are involved in «-bonding and 
that also contain non-bonding electron pairs.
i i i )  T —.ir*. 1,'olecules possessing double or triple bonds
but no atoms with non-bonding electrons have the 7r —
bonding orbital as the highest occupied level and the 
rr* as the lowest unoccupied level. The lowest energy 
transition is then a -*-A*.
b) Counter-ion Spectra. Absorption due to the counter-ion 
of a complex ion.
c) Charge-transfer Spectra. Electron transfer either from 
the ligand to the metal or vice-versa. Ketal-yetal charge 
transfer is also possible in complexes containing two 
metal ions with variable valencies, and is termed mixed- 
valence or inter-valence transfer. Charge transfer 
bands are usually very intense and they account for the
O o p
colour of d complexes such as TiCl,- ~ and CrO, .o U
A simplified molecular orbital diagram for the hexa-halo 
2_complexes TiXg (X=Cl,Br) is given below:-
Metal Complex Ligand
- 31 -
The O and nlevels are filled with bonding electrons while the 
7v and O’*  levels are vacant.
?or TiCl^2- transitions assigned to and n a r e  observed ato
-1 2-31850 and 1.2500 cm respectively. For Ti3r^ they occur at
-1 9525200 and 36500 cm respectively.
Mass Spectrometry.
Metal carbonyls are well suited to studies by mass 
spectrometry because of their volatility, often symmetrical 
geometries, and their readiness to lose ligands in consecutive 
steps with little further fragmentation. The main advantages 
offered by this technique is the rapid determination of accurate 
molecular weights and molecular formulae, but other information 
may also be obtained. Binuclear and polynuclear metal carbonyls 
have been studied with particular reference to the possibility 
of metal-metal bonding. When there is a strong interaction 
between the metal centres, eg. MngiCO)^ COgiCOjg.Ru^iCO)^g» 
high abundances of ions containing the metal-metal bonds 
intact are observed. Compounds in which there is a weaker 
interaction, eg. Fe2(C0)9>Fe3(C0)12, produce far fewer ions
containing M-M bonded species.96-99 (Table 1 .9)
Identification of the number of hydrogen atoms in metal 
hydrides often involves major difficulties. Accurate molecular 
weight determinations and consideration of isotope peak patterns 
associated with an ion can lead to assignment of molecular
formulae for such compounds. For example the mass spectrum 
of [Pi^ Re^(CC)-jo 1 confirms the formulation as a trimeric
100
hydride.
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Table 1.9 Relative abundances of metal containing ions for 
some polynuclear metal carbonyls.
Compound t y « V o o M(CO)p+
Mn2(CO)10 59 VI
COgCCOig 75 25
Ru3(CO)12 93 5 2
Fe2(CO)9 0 TOO
Fe3(CO)12 36 1 60
The parent molecular ion [H^Re^iCO)^]* is observed and 
furthermore, the isotopic pattern is consistent with the 
presence of three rhenium atoms per molecular ion.
Other Physical Techniques
Other physical techniques which may be useful in the study 
of coordination compounds, include Raman,electron spin 
resonance (E.S.R.) and Mossbauer spectroscopy but 
these will not be discussed in any detail here,
Raman Spectroscopy. Raman spectroscopy is similar to infra­
red in that it is concerned with vibrational and rotational 
transitions. The selection rules, however, are different.
In order for a vibration to be Raman active, the change 
in polarizability of the molecule with respect to vibrational 
motion must not be zero at the equilibrium position of the
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normal vibration. Since the selection rules are different, 
the information obtained sometimes complements that obtained 
from infra-red study.
Electron Spin Resonance. E.S.R. is a branch of absorption 
spectroscopy in which radiation of microwave frequency is absor­
bed by molecules possessing electrons with unpaired spins.
For an electron of spin s=£, the spin angular momentum quantum 
number can have values of M = + £, which in the absence of a 
magnetic field are degenerate. On application of a magnetic 
field the degeneracy is resolved. Transitions between the 
two different electron spin energy states occurs upon 
absorption of a quantum of radiation in the radio-frequency 
or microwave regions. The energy of the transitions is 
given by:
E = h v  =g p Hq
The quantity, g, the spectroscopic splitting factor, is not 
a constant but depends upon the orientation of the molecule 
containing the unpaired electron with respect to the magnetic 
field.
When an unpaired electron comes in the vicinity of a 
nucleus with a spin I, an interaction takes place which causes 
the absorption signal to be split into (21+1) components.
If the electron is delocalized over several nuclei the 
splitting caused is more complex. For an electron delocalized 
over a set of n equivalent nuclei of spin In and a set of m 
equivalent nuclei of spin Im the number of lines is given 
by (2nln+-|) (2ml +1). Thus for the methyl radical four lines
are observed.1^
Mossbauer Spectroscopy. Kossbauer spectroscopy involves 
nuclear transitions which result from the absorption of Y-rays 
by the sample. The conditions for absorption depend upon 
the electron density about the nucleus and the number of 
peaks obtained is related to the symmetry of the compound. 
Although the !!ossbauer effect has been observed for about 
one-third of the elements, only for iron and to a lesser 
extent tin has it been a major research tool for the chemist.
1 D BONDING IK COORDINATION CCKPLEXES.
There are three main bonding models which have been 
used in inorganic chemistry, the valence bond (V.B.) 
approximation, the molecular orbital (I'.O.) theory and the 
crystal-field theory (C.F.T.),
Valence Bond Theory.
105The valence bond theory grew out of the ideas of 
electron pairing put forward by Lewis. The premise that 
chemical bonds are due to the sharing of one or mere pairs 
of electrons is the basis of the theory. The valence bond 
approximation is an attempt to invest these qualitative ideas 
with quantum-mechanical validity. The bond formation is treated 
from the stand point of the pairing of electron srins and 
the maximum overlapping of atomic orbitals containing these 
electrons to give a region of common electron density to 
the combining atoms.
In the hydrogen molecule, as the two hydrogen nuclei 
approach each other from an infinite distance the. weak attractive
forces art Crac!ually opposed by stront repulsive forces 
at short interatomic distances. Interaction between the 
wave functions of the electrons occurs, if the electrons have 
parallel spins their energy continues to rise as the atoms 
get closer together and no bond forms (a).
Potential
energy
If the spins are opposed, however, the energy curve possesses 
a definite minimum which corresponds to the formation of 8 
stable molecule (b).
In heteroatomic molecules, covalent bond formation may 
be considered as the pairing of electron spins by approach 
and overlap of atomic orbtals of suitable energy and symmetry. 
The strongest bonds are formed when maximum interaction of 
electron density is effected. Lore than one orbital from 
each atom may be employed in bond formation. In the V.B. 
approach this is callec. hybridization. The hybrid orbitals, 
formed by the mixing of atonic orbitals, have characteristic 
directions in space. (Table 1.10)
The valence bond theory gives no understanding of 
electronic spectra and consequently molecular orbital and 
crystal field theories are more useful to the transition
metal chemist
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Table 1.10 Directional properties of some hybrid orbitals.
Coordination
Number
Hybridisation Orbitals used Stereochemistry
2 sp s,Pz Linear
2 dp V - P z
<•
3 sp2 s,px»pz Trigonal planar
l dsp2 dxl-yx»s»px»py Square planar
l sp3 s»px’py»pz Tetrahedral
L sd^ s’dxy’dxz’dyz tt
5 dsp^ d ».»s, p , p , p Trigonal¿» a y ¿t bipyramidal
6 d sp'5 dx'-y'»dzx»s »px’ Octahedral
Py»Pz
Molecular Orbital Theory.
106Molecular orbital theory differs basically from the 
valence bond approach in that it takes into consideration 
all the electrons of the combined atoms and considers these 
to be jointly held by the molecule in a set of phlynuclear 
orbitals. It is not possible to derive the polynuclear 
molecular orbitals by solving the Schrodinger wave equation 
for that system. Consequently some approximations concerning 
the form of the wave function for the molecular orbitals must 
be made. This can be acheived by using linear combinations 
of atomic orbitals (L.C.A.O), The combination of two
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atomic orbitals results in the formation of two molecular 
orbitals, the difference in energy of which is related to the 
effective overlap between the two orbitals
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Maximum overlap will be obtained by combining atomic orbitals 
which are closest matched in energy and symmetry. Orbitals 
which are not capable of effective overlap are termed 
non-bonding as they do not help or hinder bonding to any 
significant extent.
Consider the simple M.O. approach to an octahedral complex 
Of the nine valence shell atomic orbital for the metal only 
six have lobes pointing towards the corners of an octahedron;
3dx»_yx, 3dzl, Is, 2>px, ipy and lpz.
The o'valence orbitals of the ligand will, of course, vary 
from ligand to ligand but they will frequently be composed 
of s and p atomic orbitals; they can be represented as lobes 
(Fig 1.17). In order to construct an energy-level diagram 
for the MLg complex it is necessary to know the .relative 
energies of the combining atomic orbitals. For first-row 
complexes 3d<i-s<l-p, and for most ligands, eg. HgO, NH^ and F",
the ot orbitals used for bonding to the metal are lower inJL
ZMetal atomic 
orb i t a is
L ig a n d  atom ic 
o rb ita ls
Fig. 1.17 T h e  metal orb ita ls and their matching ligand 
group  orbitals for an  octahedra l o '-b o n d e d  
complex.
energy than the metal valence orbitals. The energy-level 
diagram for the complex csn then be drawn up (Fig 1.18).
In order to apply this diagram to a particular complex, the 
six pairs of electrons from the ligands are placed in the 
lowest energy levels (two to each level). Any valence shell 
electrons in the metal ion are therefore placed in the tgg and 
e^* orbitals.
Molecular orbital energy-level diagrams can be constructed 
in a similar way for other stereochemistries. Contributions 
from n-bonding can also be taken into account. As well as 
giving a satisfactory explanation of magnetic data, molecular 
orbital energy-level diagrams account for the electronic 
spectra of complexes.
Crystal Field Theory.
In molecular orbital theory covalent bonding is of prime 
importance. Crystal field theory starts at the opposite 
extreme, dealing with electrostatic interactions.
There is no unique way of representing the five d-orbitals 
but the most convenient representations are shown in Fig 1.14. 
Crystal field theory assumes that the only interaction 
between the metal ion and the ligands is an electrostatic one. f
The five d-orbitals in an isolated gaseous metal ion are 
degenerate. In a complex the ligands take up certain positions 
in space. The d-orbitals directed towards the ligands will 
be raised in energy as a result of the reoulsion between the |
negative electrons of the orbitals and the negative field 
generated by the ligands. The energy of those orbitals not
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F ig . 1.18 Molecular orbital diagram for an  octahed ra l
M L  com plex. 6
directed towards the ligands will also increase bvt not as 
much as the others. Splittings for fields of various♦
symmetries are given below:-
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Crystal field theory adequately explains the magnetic properties
of transition metal complexes, and the electronic spectra
of d1 and d9 ions. With more than one electron in the
d-shell interaction between the electrons also has to be 
taken into account. Energy-level diagrams based upon the 
splitting of the Russell-Saunders states in the appropriate 
ligand field are used. (For a brief discussion of this 
see the section on electronic spectra.)
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CHEMISTRY OF THE 1 ,3.2.1 DIAZADIPHOSPHETIDINES.
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IIJTRODUCTI PI.'.
Until recently very few examples of heterocycles 
containing alternate trivalent phosphorus and nitrogen atoms, 
based on structures of type (I) or larger sizes, had been 
reported.10  ^ In contrast, the tyres (1 I) and (III) are well 
known.
B u 1
A
Cl— P. X P — Cl
I
Bu t
Me Me\ /
Ph
ClN / N \  / C l  
C 1 - P \  A  — Cl 
C\y  A A  X Cl
Me
Me
p'
N
■ Me
Ph
II
Me
III
The nomenclature used in the literature for these rings
is varied, for example compounds of type (I) hsve been
termed cyclodiphosphazanes, dimeric phosphazo-compounds
and 1,3,2,2k, diazadiphosphetidines. A summary of the
108I.U.P.A.C. recommendations on the nomenclature of 
heterocyclic systems is noted below, and will be followed 
in this thesis.
nomenclature for fundamental heterocyclic systems, 
lionocyclic compounds containing one or more hetero atoms 
in a three to ten membered ring are named by combining the 
appropriate prefix or prefixes from Table 2.1 (eliding "a" 
where necessary) with a stem from Table 2.2. The state
of hydrogenation is indicated either in the stem as shown 
in table 2.2 or by the rrefixes "aihydro-", "tetrahydro-" etc.
- Il
Table 2.1 Prefixes for naming heterocyclic systems.
Element Valence Prefix
Oxygen II Oxa
Sulphur II Thia
Selenium II Selena
Tellurium II Tellura
Nitrogen III Aza
Phosphorus III Phospha»
Arsenic III Arsa*
Antimony III Stiba*
Bismuth III Bisma
Silicon rv Sila
Germanium IV Germa
Tin IV Stanna
Lead IV Plumba
Mercury IV Mercura
•»When immediately followed by "in" or "ine", "phospha" should 
be replaced by "phosphor" "arsa" by "arsen" and "stiba" by 
"antimon".
For pentavalent phosphorus atoms the prefix will be 
used, eg. (ClPM£e)2; 1,3 dimethyl 2,1. dichloro 1 ,3,2,4- 
diazadiphosphetidine, (Cly?NMe)2; 1,3 dimethyl 2,2,2,K,K,4 - 
hexachloro 1 ,3,2x diazadiphosphetidine.
-  12 -
Table 2.2 Stems for naming heterocyclic systems.
R in g  s i z e R in g s  w ith  n i t r o g e n R in g s  w i t h o u t n i t r o g e n
U n s a t u r a t e d S a t u r a t e d U n s a t u r a t e d S a t u r a t e d
3 - i r i n e - i r i d i n e - i r e n e - i r a n e
l - e t e - e t i d i n e - e t e - e t a n e
5 - o l e - o l i d i ne - o l e - o l a n e
6 - i n e * - i n e - a n e
7 - e p in e » - e p i n e - e p a n e
8 - o c i n e $ - o c i n - o c a n e
9 - o n in e - o n i n - o n a n e
10 - e c i n e * - e c i n - e c a n e
* expressed by prefixing "perhydro" to the name of the 
corresponding unsaturated compound.
The best known of the phosphorus nitrogen heterocycles
are those of general formula (XgPN)n in which four-coordinate
phosphorus atoms alternate with nitrogen atoms such rings
109-112with n=3 to 17 have been reported.
The chloro derivatives(Cl2PH)n were probably first prepared
in the 1830's, independently by Rose and by Leibig and ïïoehler,
from phosphorus pentachloride and ammonium chloride, but
correct compositions, molecular weights etc. did not follow
until later. The cyclic nature of these compounds was not
proved until some 65 years later, when Stokes isolated 6 to U-
- A3 -
m em bered r i n g s .  K o re  r e c e n t l y  x - r a y  d i f f r a c t i o n  s t u d i e s  h a v e
p l a n a r  s ix -m e m b e re d  r i n g s ,  w h e re as  h i g h e r  r i n g  s i z e s  a r e  
m ore  f l e x i b l e ,  f o r  e x a m p le  th e  t e t r a m e r s  a r e  g e n e r a l l y  i s o l a t e d  
i n  e i t h e r  th e  ' t u b '  (A ) o r  'c ro w n ' (B )  f o r m s .
E x c e p t i o n s ,  h o w ev er, i n c l u d e  (F g P N )^  a n d  (C lg P N )^  w h ich  
a r e  p l a n a r .
I n  g e n e r a l  th e  P-N b o n d s  a r e  e q u a l  an d  a r e  s h o r t e r  th a n  
c o m p a r a b le  s i n g l e  P-N b o n d s  i n d i c a t i n g  some s o r t  o f  d e l o c a l i ­
s a t i o n .  Two d i f f e r e n t  e x p l a n a t i o n s  o f  th e  ty p e  o f  b o n d in g  
h a v e  b e e n  a d v a n c e d : -
a )  p 7v - d n  a r o m a t ic  d e l o c a l i s a t i o n  w i t h in  th e  r i n g . 11^ ’ 1 1 '*
b )  a l l y l i c  ty p e  ( i n s u l a r )  d e l o c a l i s a t i o n  w ith in  P-N -P
fr a g m e n ts  o f  th e  r i n g . ^  ^
The c h lo r o  d e r i v a t i v e s  a r e  r e a d i l y  p r e p a r e d : -
T h e m a jo r  p r o d u c t  i s  th e  t r i m e r ,  s m a l l e r  am ou nts o f  th e  
t e t r a m e r  an d  h ig h e r  o l i g o m e r s  c a n  b e  i s o l a t e d .  N o t o n ly  ~  
w ere  t h e s e  c h lo r o  d e r i v a t i v e s  th e  f i r s t  o f  t h e s e  c l a s s  o f  
com pounds t o  b e  p r e p a r e d  b u t  th e y  a r e  a l s o  th e  m o st u s e f u l  
a s  th e  p r e c u r s o r s  o f  o t h e r  d e r i v a t i v e s .  F o r  exam p le  a r y l a t e d
dérivatives can be obtained by a Freidel-Crafts arylation:-
11 *
s u p p l i e d  much s t r u c t u r a l  d a t a .  ^  T h e  t r i m e r s  c o n s i s t  o f
A B
PC15+NHj C1 U ° - 15" - »  1  ( C l2PN)n+ iH C l
1 1 8 -1 2 0
- U  -
(C 1 2PN)3 +  nPhH ^ ¿ 3 - *  (P h nC l 6_n P3N3 )+nH Cl
n = 2 ,X  o r  6
T h ey  m ay a l s o  b e  o b t a in e d  d i r e c t l y :^21 ” 1 2 ^
P h P C l, +  MH.C1 ---------- ►  i  (C IPhPN ) „  +1HC14- 4- ix £L
n =  3 ,  X
A lk o x y ,  a r o x y ,  am in o  an d  a l k y l t h i o  d e r i v a t i v e s  a r e  e a s i l y
19L 1 9*5
p r e p a r e d  by s u b s t i t u t i o n : -
(C 1 2PN)3 + R nXH — 3 ^ - »  t (R nX )2 P K l j  +  2 E t3NHCl 
Rn X =  M eO -, E t O - ,^ 0 - ,  M e ^ - ,  E t g l l - ,  e t c  
an d
(C 1 2PK)3 +  6N aS E t ---------- »  t ( E t S ) 2P K ]3 + 6N aC l
M e t a l  c o m p le x e s  h av e  b e e n  o b t a i n e d ,  f o r  ex a m p le  w ith  
126m e t a l  c a r b o n y l s  : -
(M e2PN )^ +  Mo (C 0 )6 ------------►  [ (Me2 P N ) J  M o(CO )^ +2C 0
127An x - r a y  c r y s t a l  s t r u c t u r e  ' a n a l y s i s  show ed th e  P^N^ r i n g  
t o  b e  a p p r o x im a t e ly  p l a n a r  an d  th e  m olybdenum  a tom  t o  be 
w i t h i n  b o n d in g  d i s t a n c e  o f  a  '5  a to m  (N -P -N -P -N ) c h a in  
b u t  o u t  o f  r a n g e  o f  th e  r e m a in in g  (P -N -P ) s e t  ( C ) .
C
proposed to be cr-complexes with donation from one or two
nitrogen sites. With the six-membered ring (ClgPlOj, three
carbonyls are replaced from chromium hexa-carbonyl, and an
129essentially arene-type complex is proposed. In contrast
, p—
CoClgfind CuClggive ionic complexes, [(NPMegJ^H CoCl^ 
and [(NRiegJ^H ]+C u C l ^ ^  In the latter the ring has a 
'tub' conformation with a proton and a CuCl^ group covalently 
bound to opposite nitrogens.(D)
Similar 1:1 complexes of (YSgPN)^ with Snci^ and TiCl^ were
H
/
CuC,3
There are many examples of phosphorus-nitrogen 
heterocycles in which the nitrogen atoms are tricoordinate 
and the phospnorus atoms either four (E) or five (F) coordinate.
Most examples of type (F) are dimers however with type (T_) 
larger ring sizes are known since they can be prepared by 
hydrolysis of the (XpP*On rings.^
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1 ^2The s i m p l e s t  an d  m o st g e n e r a l  m ethod f o r  th e  s y n t h e s i s  J
o f  1 , 3  d i a l k y l  o r  1 ,3  d i a r y l  2 , 2 , 2 , 4 , 4 , 4  -  h e x a c h lo r o  
5 51 , 3 , 2  , 4  A d i a z a d i p h o s p h e t i d i n e s  i s  th e  r e a c t i o n  o f  P C l^
w ith  p r im a ry  a l i p h a t i c  a m in e s  o r  th e  h y d r o c h lo r id e s  o f  
a l i p h a t i c  o r  a r o m a t ic  a m in e s : -
pi
R
The w h ite  c r y s t a l l i n e  p r o d u c t s  a r e  r e a d i l y  h y d r o ly s e d  
by  a t m o s p h e r ic  m o i s t u r e ,  a n d  h a v e  a  te n d e n c y  t o  d e p o ly m e r is e  
on h e a t i n g .  V ery  few  s u b s t i t u t i o n  r e a c t i o n s  w hich  p r e s e r v e  
th e  p h o s p h o r u s - n i t r o g e n  r i n g  h a v e  b e e n  a c h e iv e d ,  E F ^ (E = A s ,S b )  
w i l l  c o n v e r t  t h e  h e x a c h lo r o  d e r i v a t i v e s  t o  th e  h e x a f lu o r o  
d e r i v a t i v e s .  C o n v e r s io n  t o  f o u r - c o o r d i n a t e  p h o sp h o ru s  
r i n g s  i s  a c h e iv e d  on t r e a t m e n t  w ith  SOg o r  H g S :-
R
1 ,3,2 / ^,2,/^ diazadiphosphetidines with the tetra-coordinate 
phosphorus atoms are fairly stable, but may be attacked by 
nucleophilic reagents with labile nydrogen atoms, such as 
water, phenols, amines etc.
Few metal complexes have been investigated. A chromium
1 33carbonyl complex has been isolated, in which (MeNPCl^Jj 
was proposed to act as a bidentate nitrogen donor to a Cr(CC)^ 
unit (G).
G
Similarly (Ve(S)PNCl)2 gives a 1:1 complex with TICl^ in 
which bidentate nitrogen donation was proposed.1^
Historically formation of four membered [P(in)K]2 
heterocycles, from the reaction of PCl^ with an excess of a
135primary amine, was first proposed at the turn of the century. 
Spasmodic reports followed, corroborating this formulation
but it was not until 1969 that confirmation was obtained
by an x-ray crystallographic study 0f (ClPliBu*^,
the product of the reaction sequence
2ButKHSiMe3+23unLi— * 2(Ke3Si)ButNLi 2:-Zl^ ___> (Bu^CPClJg
Since then r large number of reports 1U-170 concerned
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with the preparations, physical and chemical properties of 
these compounds have appeared in the literature.
A variety of routes (Fig 2.1) have been utilised to pre­
pare 1 ,3,2,2. diazadiphosohetidines, most of which involve 
the reaction of PX^ (X=halide) with an amine or amine 
derivative, for example:-
i) K 3utIIH2 + 2 ?C13--------- > (Bu^PCDg + 2 B u ^ . H C l
ii) PhN(SiMe3)2 + PhN(PGl2)2 --- » (PhNPCl)2 + 2 Lle^iCl
iii) YeP(NHBut )2 + PCl^ + 2py — > (Bu^TCDg + 2py.KCl
The rings themselves are easily ruptured by nucleophilic 
reagents (Fig 2.2), with water, phosphorous acid and the amine 
hydrochloride are formed:-
H20 + (ClPNBu1)^---- - 2H3P03 + 2ButNH2.KCl
Reaction of organic acids with 1,3 diamino 1,3,2,4.- 
diazadiphosphetidines yields carboxylic acid amides
(R2iHPI«)2 + 2 R’COOH-------*2 hjPOj + 2R'C0NHR
1 ,3,2,4. diazadiphoshetidines will also undergo substitution 
reactions with alkaline nucleophilic reagents, thus with 
sodium alkoxides^:-
(PhNPCl) 2 + 2 EtONa---- >(PhNP02t)2 + 2NaCl
They may also enter into addition reactions with electrophilic 
reagents via the unshared electron pairs
(RNHPHR)2 + R'X
RNHSiMe. XP( NHR).
/
RNLi Si Me.
yN-P
XP VCl
XPCt. 
/  '
N aN (S i Me3)R RN(PCl2)?
Fig. 2.1 Some preparative routes to the 
diazadiphosphetidine rings.
0X
\
R
N
/  \  .0
P
F ig .  2.2 Som e re a c t io n s  of the d iazad iphosphetid ine
r in g  system .
T £
They ere easily oxi;isea to e.ive the 1,3,2 X , 4 a  and
5 5 1661 ,3;2A , 4 a  • diazadiphosphetidines :-
(C lP li3 u t )2 +  i S g  -------- v (C l(S )P i iB u t )2
Two conformations are possible in the 1,3,2,4- 
diazadiphosphetidines, in which the exocyclic phosphorus 
substituents are either mutually cis- (H) or trans- (J), 
the nitrogen atoms being essentially planar.
RI
J
X-ray crystal structure determinations have shown the P21$2 
ring to be planar in trans - 1 ,3,2,A. diazadiphosphetidines 
(Fig 2.3) but tends to be puckered in the c i s - i s o m e r s ^ ^ ^ ’ 
1^3,164,170 2.4 and 2.3). Similar behaviour has been
noted for the 1 ,3,2 A'*,4A'/ diazadiphosphetidinesj^-^ ^
Hean P—IT bond lengths in the (P (III)h)2 rings are all some­
what shorter than that where the P-K bond is thought to be 
single in character (c.f. 1 .769 ? in [H^KPO^l ^^).
Some delocalization of the nitrogen lone pairs onto the 
phosphorus atoms has been proposed to account for this. 
Particularly, for (CIPKBu )2, the value of 1.669? is in 
close a . ref r.ert to that found in the open chain compounds
Fïg. 2.3 Molecular structure of 1,3, bisftrjmethylsilyl) 
t r a n s - 2 , A, b is  [b is (tr¡m e thy ls ily l )am ino ] 1,32,4,- 
diazadiphosphetidinç.
Fig. 2.4 1.3. di (te r t b  u ty l) c is -  2, 4, dichloro -
1,3,2,4, diazodiphosphetidine viewed down the 
normal to the [ P - N ^  r i ng .
Fig.2.5. A view of the 1,3, di(tert-butyl) c is -2 ,4 ,-  
dipiperidino 1,3,24, diazadiphosphetidine
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M egNPClg ( 1 . 698) an d  (M e ^ K jjP  ( 1 . ? o 8)  w h ere  t h e  n i t r o g e n  l o n e -  
p a i r  i s  b e l i e v e d  t o  p a r t i c i p a t e  i n  ( p - d ) n  b o n d i n g l ^
D e l o c a l i z a t i o n ,  h o w e v e r , i s  n o t  a s  g r e a t  a s  i n  t h e  u n s a t u r a t e d ,
v
( X P ^ N ) n  r i n g s  w h ich  c o n t a i n  a  f o r m a l  d o u b le  b o n d , w h ere  
d i s t a n c e s  a s  s h o r t  a s  1 .518  h a v e  b e e n  o b s e r v e d .1 ^
I n f r a - r e d  d a t a  f o r  t h e s e  h e t e r o c y c l e s  i s  now f a i r l y  
e x t e n s i v e  b u t  t h e r e  h a v e  b e e n  few  a t t e m p t s  a t  a s s i g n m e n t s .
G ro u p  f r e q u e n c y  c o r r e l a t i o n s  f o r  p h o sp h o r u s  c o n t a i n i n g  com pounds 
h a v e  b e e n  c o m p ile d 1 ^ _1 ^  (T a b le  2 . 3 )
T a b le  2 .3  G rou p  f r e q u e n c y  c o r r e l a t i o n s  f o r  p h o sp h o ru s  
b o n d s .
B ond
R ange o f  f r e q u e n c i e s  (cm- 1 )
D o u b le  b o n d s S i n g l e  b o n d s
P-H 2500-2220
P-B U 8 0 - U 1 0 7 5 0 -5 5 0
P-C 1390-1000 780-620
P-N 1 3 0 0 -1 0 5 5 1 1 0 0 -7 9 0
P -0 11 .15-1100 1 2 0 0 -8 5 0
P -F 9 6 5 -7 2 0
P - S i 5 1 5 - 3 8 0
P -P 5 1 0 - 3 4 0
P -S 8 6 0 -5 1 5 6 1 5 - U O
P -C l 6 1 0 - 4 0 0
P -S e 600-4 .20 4 6 0 - 4 4 0
P -B r 4 9 5 - 3 2 0
P-I 3 5 0 - 2 9 0
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The (P-N) stretching frequency for trivalent phosphorus
1 fincompounds has been reported over the considerable range 
1010- 790 cm-1 (Table 2.1).
Table 2.2, (P-lQ Stretching frequencies in diverse P(III)N 
compounds.
Compound ■sr(P-N) (cm-1)
P(i«e2)3 951,935
MeP(NlIe2)2 971,952
(MeO)F(NMe2 )3 967,91-8
Ph2P(NKe2) 968
Cl2P(NLIe2) 978
1005
Ph2MG 1003
lie
Nv
0=C/ P-i'!Me0 
SN 2
977,905
Me
*—  w
. 930
Me
Me
960,922
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For dithio derivatives,bands in the region 9C0-850cm~^
have been attributed to antisymmetric vibrations of the
1 30 159four-membered rings. Keat and Thompson 'assigned tne 
bands at 9C0-850 cm-1 to v* (PNP) for the bicyclic compoundscLS
K
31
In contrast there is a wealth of P.N.M.R. data for 
tcese compounds (Table 2.5) and their derivatives (Table 2.6).
It should be noted that resonance signals which appear to 
high field (Lower frequency) of the reference (H^PO^) are 
given positive évalues. This is tne reverse of the 
convention normally used for 1H.N.M.R. From the tabulated
31
data, it is evident that the P chemical shifts move dramat­
ically upfield on either increasing coordination number or 
valency of the phosphorus atoms.'^F.N.Li.R. can, therefore 
be used as a very sensitive indicator as to the environmement 
around the phosphorus atoms. There is even a sizeable diff­
erence between the chemical shifts of two geometrical 
isomers, where the lowfield isomer exhibits shifts generally
much further downfield then expected for aminophosphit.es
- 52,
Table 2.5 31P.N.M.R. 
diazaphosphetldines;
Spectral data for some 1,5,2,2, -
X Y R' R"
Chemical Shift
Ref.
Pa Pb
Cl Cl Bu* Bu* -210.9 12,9
F F Bu* 3u* -162, 12,7
Cl F Bu* Bu* -197.1 -180.3
OMe Olle Bn* Bu* -133.7 168
-202.2,
NMe2 itti e 2 Bnt Bu* -95.0 161
-182,.7
Me Me But Bu* -171 .2, 155
But Bu* Me Me -281 .7 157
-201 .7
NMe2 NMe2 Ph Ph -101 .0 161
-166 .5
Cl Me Bu* Bu* -200.1 -237.0 155
Cl OMe But Bu* -188.7 -139.2, 168
Cl NMe2 Bu* Bu* -186.6 -131.5 168
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Table 2.6 P.-'y.I.R. spectral data for some selected
derivatives of the 1,3,2.1. diazadiphosphetidines
i)of the type
31
R
X R A 3
Chemical shift
Ref.
Pa Pb
Cl Bul o Lone pair - 6 .2 -132.1 151
Cl Bu1 s Lone pair -61.1 -U 6 .9 151
Cl But 0 S +3.6 -36.0 151
Me 3ut 0 0 -17 .8 1o5
lie 3U4 s S -71 .7 155
lie Bu1 Se Se -68 .5 155
-7° .5
Me 3ut Te Te -36.0 155
iuC But NSiMe, NSiMe,j j +10.8
3ut Me S S -105.9 157
-120.1
X - p / N \ p'X 
A ^ N  / * B
Table 2.6 continued 
ii)of the type
X
Z -
X Z R R ’
Chemical shift
Ref.
Pa Pb
Me Br But Me -91.9 -195.0 155
Me I Bu1 Me -93.6 -193.4 155
NMeg I SiMe,b Me -33.5 -92.2 167
-54.. 3 -127.3
iii) ,
Bu
/ N
M e  P' Î>P 
a\
NfB u*
Al Cl;
-201.0 -252.0 155
-P(Ix'R^ )3• The contrast betv.een the two isomers is sometimes
reflected in their differing reactivity and physical 
properties.1^* The ^1 P.N.M.E. data indicates that the 
thermodynamically favoured isomer is not the same with N-alkyl 
as with i:-aryl substituents. In the former the high field 
isomer predominates, tee- reverse is observed for the latter.
A crystal structure determination1^* has shown the thermod­
ynamically favoured isomer of 1 ,3  di (tert-butyl) 2,1, 
dipiperidino 1,3,2, diazadiphosphetidine, which has a 
highfield chemical shift, to have a cis-configuration.
The mass spectra of several 1,3,2,2, diazadiphosphetidines
1 58(XPNFOgWhere R=alkylor aryl have been studied and indicate 
that the monomer (XP=NF.) is not as effectively stabilised 
with N-alkyl substituents as with K-aryl substituents.
(Table 2.7)
In stark contrast for R=SiKe,, X=R2N, no evidence for the
presence of the monomers could be found, the main peaks in
166the mass spectrum being assigned to ions of the following 
series:-
— » PsNSiMe-j -----> SiMe3
Table 2.7 RelEtive intensity of parent end (RhPX) io s in 
the mass spectra of the 1 .3.2.X dlazadiphosphetidines.
R'
X P '  ^ P X
R' R" X [ l? J
[ R * i;PX+ ]
Bu1 Me Cl 7 .6 0
Bu1 Bu1 MEt2 5 .1 2
Bu1 Bu1 NMe2 3 .1 7
Bu1 E t Cl 1 .6 2
Ph Ph m ie2 0 .7 3
Ph Ph Cl 0 .3 6
W 1? w s C l o .o x
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Our s tu d y  o f  th e  c h e m istry  o f  th e  1 , 3 , 2 , A d ia z a d ip h o s -
p h e t id in e s  c an  be c o n v e n ie n t ly  d iv id e d  i n t o  two s e c t i o n s
A . H a lid e  re p la c e m e n t r e a c t i o n s ,  a s  a  r o u t e  t o  new
1 ,3 ,2 ,U d iazadiphosphetidines,
Bu*
ACl-P P-CI+2RM- 
Bu*
Bu 1
A
R-P P-R  + 2MCI
Y
Bu1
B. C o o r d in a t io n  b e h a v io u r  w ith  v a r i o u s  m e ta l  c e n t r e s .
By s u i t a b l e  c h o ic e  of m eta l i t  was h oped  t o  o b t a in  
ex am p les of c o o r d in a t io n  v i a  th e  r i n g  p h o sp h o ru s a n d /  o r  
n i t r o g e n .a t o m s .
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EXPERIMENTAL
P r e p a r a t io n  and  p u r i f i c a t i o n  o f  s t a r t i n g  m a t e r i a l s  and  
m a n ip u la t iv e  d e t a i l s  a r e  d e s c r ib e d  i n  A ppen dix  A . . A l l
e x p e r im e n ts  were c a r r i e d  o u t  u n d e r an  i n e r t  a tm o sp h e re .
2A. H a l id e  R ep lacem en t R e a c t io n s  o f  1 »3  d l ( t e r t - b u t y l )  2 .A  
d ic h lo r o  1 . 3 . 2 .L d ia z a d in h o s p h e t id in e .
2A1 W ith B u ty l l i t h iu m
B u ^ i  ( 36cm^ o f  1 .8  ml-1 h exan e s o l u t i o n ;
6A.8m m o ls .)  w as s lo w ly  d r ip p e d  i n t o  a  s o lu t i o n  o f  
(C lP N B u ^ g  ( 8 .9 9 g ;3 2 .6  m m o ls )  in  h ex an e , a t  273K .
A f t e r  rem oval o f  th e  L iC l  p r e c i p i t a t e d ,  by f i l t r a t i o n ,  
th e  s o lu t io n  w as f r a c t i o n a l l y  d i s t i l l e d  to  y i e l d  th e  
p ro d u c t ,  (BunPNBut )2 a s  a  s t r a w  c o lo u r e d ,  v i s c o u s  l i q u i d  
(bp t395K  a t  0.33mm H g: 6 .8 5 g  :  6 6 $ )
I n f r a - r e d  D ata  (cm-1 ;  l i q u i d  f i l m )  3220(w ) 2 9 6 0 ( s )  
2 9 3 0 ( s , s h )  2 9 0 0 ( s , s h )  2 8 7 0 ( s )  2 8 5 0 (m ,sh ) 2 8 lO (w ,sh )
2 7 8 5 (w ,sh )  2710(w ) 2600(w ) 2500(w ) 1628(w) U 6 0 ( s )
1385(m ) 1375(m ) 1 3 6 0 ( s )  1 3 *5 (w ,sh )  1295(w ) 1 2 A 0 (s)
1 U 0 (w ) 1120(w ) 1 0 5 5 (m ,sh )  1 0 3 5 ( s )  1 0 0 0 ( s )  9 7 5 ( s )
92A(m) 8 9 0 ( s )  8 5 0 ( s )  805(w ) 790(m ) 765(w ) 7 A 0 (w ,sh )
730(w ) 7 1 0 (w ,sh )  7 0 0 (w ,sh )  635(w ) 600(w ) 575(m )
5A0(vw) A80(m) A30(w) 395(w ) 3A5(w) 2 9 0 (w ,b r )
1H .N.M .R. D ata (cJppm; r e f  TMS; C D C l^ so lu tio n ) 0 .9 3 ( 2 )  
1 .1 3 ( 9 )  1 .2 2 ( 1 )  1 .2 9 ( 3 )  1 .3 2 ( 2 )  1 .3 8 (1 )
^ P.N.M.R Data ( S ppm; ref H^PO^; CDClj solution) -178.82 
13C.N.M.R.Data (6 ppm; ref TMS; CDClj solution) 10.53(3)
1 5 .0 1 (3 )  1 7 .5 5  (1 0 )
M ass Sp ectru m  M+: 318  ( (B u nPNBut ) 2 : 3 l 8 )
2A11 W ith M ethyl l i t h iu m
MeLi (17cm ^ o f  1 .7 m l” 1 EtgO s o l u t i o n ;  28 .9m m ols) 
was s lo w ly  d r ip p e d  i n t o  a  EtgO  s o l u t i o n  o f  (C1PNBu * ) 2
(3 .1 -3 g ; 1 2 .5 0  m m o ls )  a t  273K . The p r e c ip a t e d  L iC l
was rem oved by f i l t r a t i o n  an d  th e  s o lv e n t  rem oved from
th e  f i l t r a t e  t o  y i e l d  a  w h ite  s o l i d  c o n ta m in a te d  w ith
L i C l .  A ttem pted  r e c r y s t a l l i z a t i o n  from  c h lo r o fo rm
and h ex an e , an d  f r a c t i o n a l  d i s t i l l a t i o n  o f  th e  m ix tu re
d id  n o t  y i e l d  a  p u re  p r o d u c t .
2 A i i i  W ith M ethyl M agnesium  io d id e
To an  E t 2 0  s o lu t i o n  o f  MeMgl (p r e p a r e d  from  M el
( 9 .9 0 g ;  6 9 .8  mmols) and  Mg ( 1 . 7 0 g ; 6 9 .9 m m o ls)) was ad d ed ,
d ro p w ise , t o  an  EtgO  s o l u t i o n  o f  (ClPNBut ) 2 ( 9 .2 1 g ;
3 3 .5 m m o ls) , a t  195K . A f t e r  warm ing to  room te m p e ra tu r e ,
th e  p r e c i p i t a t e  was rem oved by f i l t r a t i o n .  The
f i l t r a t e  was f r a c t i o n a l  d i s t i l l e d  to  y i e l d  th e  p r o d u c t ,
(M egPNBafyg* a s  a  c l e a r  l i q u i d  w hich c r y s t a l l i s e d  on
c o o l in g  (b p t  335-339K  a t  0 .8  mmHg ; 0 .6 2 g ;  8 £ )
I n f r a - r e d  B a ta  (cm“ 1n u jo l  m u ll)  31-20 ( s )  3210(m )
2720(m ) 2680(m ) 2580(m ) 21fi0(w ) 2380(m ) 2280(vw )
1900(vw ) 1660(v s ) I600(m ) U 0 0 (m )1 3 0 5 (s )  1 2 6 0 ( s )
1 2 0 5 (s )  1 1 2 5 ( s )  1 0 7 0 ( s )  1 0 3 5 ( s )  1015(e ) 990(m sh )
9 1 5 (m ,sh ) 925(m ) 9 0 5 ( s )  8 9 0 ( s )  8 7 0 ( v s )  8 l5 (m ) 8 l0 (m )
790(m ) 765(m ) 735(m ) 7 2 0 (m ,sh ) 690(m ) 655(m )
595(w ) 570(w ) 5 2 0 (m) I8 0 (m ,sh )  I6 5 (m ,sh )  1 3 5 ( s )
1H .N .M .R . D ata  (6 ppm; ref T M S iC D C ljS o lu tio n ) 1.28(1)
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31P .N .K .R . D ata  ( d p p m ; r e f  H^PO^; CDCl^ s o l u t i o n )
- 1 7 0 .7 3
2A lv  W ith D im ethylam lne
HNMe2( 9 .0 0 g ;0 .2 Q n m o ls)  was d i s t i l l e d  o n to  an  
E t 20  s o l u t i o n  o f  (ClPHBut ) 2 ( 1 3 . 6 g ; 19.15 m m ols), 
a t  7 7 K . A f t e r  w arm ing t o  am b ie n t te m p e ra tu r e , th e  
p r e c i p i t a t e  was rem oved by f i l t r a t i o n  and  s o lv e n t  by 
d i s t i l l a t i o n  on th e  vacuum l i n e .  The w h ite  r e s id u e  
was r e d i s s o l v e d  i n  benzene and th e  s o l u t i o n  h e a te d  a t  
r e f l u x  f o r  20 h o u r s .  F r a c t i o n a l  d i s t i l l i o n  y ie ld e d  
th e  p ro d u c t  (MegNPNBu^Jg a s  a  c l e a r  c o l o u r l e s s  l i q u i d  
w hich c r y s t a l l i s e d  on c o o l in g ,  ( b p t .  382-384K~..at 0.15mmHg; 
107g;74% )
I n f r a - r e d  D ata  (cm“ 1 ; n u jo l  an d  H .C .B . M u lls )
2 9 5 6 ( s ) 2 8 ! 5 ( s , s h )  2 8 6 0 ( s )  2 8 2 1 (m) 2783(m ) U 8 0 ( s , s h )
U 7 0 ( s ,S h )  1 4 5 5 ( s ,b r ) U 2 5 (m ) 1400(m ) 1 3 8 5 ( s )  1 3 5 9 ( s )
1 2 7 3 ( s ) 12 4 0 ( s ) 1 2 1 0 ( v s ,b r )  1137(w ) 1100(w ) 1069(m )
1059(m ) 1029(m ) 9 9 8 ( s ) 9 7 2 ( s ) 961 ( s , s h )  923(?/)
8 9 7 (m) 8 6 6 ( s ) 810(vw) 792(m ) 728(vw ) 6 8 8 (m) 6 5 9 ( s )
6 4 5 (m) 5 9 6 (m) 552(vw ) 4 8 8 (w) 472(w ) 4 1 7(w ) 393(vw )
238(w ) 210(w )
^ H .N .K .R . D ata (<5 ppm; r e f  M S ; CDC1,s o l u t i on) 1 .1 9  ( 9 )
2 .6 3 ( 3 ) 2 .7 2 ( 3 )
31p . k . m ..R . D ata (<5 ppm; r e f  H ,P 0 ^ ; C D C l^ so lu tio n )
- 9 4 .8  ( 6 )  - 1 8 2 .7  ( D
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1 ^ C .N .M .R . D a ta  (<$ ppm ; r e f  IM S ; C D C l^ s o lu t io n )
2 9 .8 1  ( 1 ,  T r i p l e t  - 5 .8 8 H 3 ) 3 1 6 9 ( 2 ,D o u b le t  J r e  -
19.12H3)
M ass  S p e c tru m  M *292 ((M e2NPBut )2 - 2 9 2 )
2B C o o r d in a t io n  B e h a v io u r
231 R e a c t io n  o f  1 . 3  d i  ( t e r t - b u t y l )  2 . 1  d i c h l o r o  1 . 3 . 2 . 1 -  
d i a z a d i p h o s p h e t l d i n e  w ith  t i t a n i u m  ( I V )  c h l o r i d e
1  h e x an e  s o l u t i o n  ( 20cm ^) o f  T iC l^  ( 0 . 7 0 g ;  3 .6 m m o ls )  
w as a d d e d  d ro p w ise  u n d e r  a  s t r i c t  n i t r o g e n  a tm o sp h e r e  t o  
a  s i m i l a r  s o l u t i o n  o f  (ClPMBut ) 2  ( 1 . 20g ;  1.20  m m ols) 
c o n t a in e d  i n  a  1OOcm^ g l a s s  a m p o u le . A r e a c t i o n  o c c u r e d  
a lm o s t  i n s t a n t l y  t o  g i v e  a n  o r a n g e  s o l u t i o n  an d  p r e c i p i t a t e .  
The o ra n g e  p r o d u c t  (I-) t T iC l^  { (C lP N B ut ) 2 } l  w as im m ed­
i a t e l y  f i l t e r e d  an d  w ash ed  th o r o u g h ly  w ith  b en zen e  a n d  
n -h e x a n e  t o  rem ove u n c h an g ed  r e a c t a n t s  an d  th e n  
pumped i n  v a c u o  f o r  s e v e r a l  h o u r s  (0 > 9 1 g ;  5556)
I n f r a - r e d  d a t a  (cm- 1 ,  n u jo l  an d  H .C .B .  M u l l s )  2 9 6 0 ( s )  
2920( s )  2 8 8 0 ( s )  2790(m) 2 6 9 0 (m ) 2580(m ) 2 l8 0 (m )
2 0 1 0 (v w ) I 6 2 5 (m ,b r )  1 5 9 0 ( s )  1 l9 5 (w )  1 l7 0 (m ) U O O (m )
1370( s )  1310 (m ) 1290(m ) 1255(m ) 1175 ( s , b r )  10l 0( s , b r )  
9 1 0 (m) 915 (m ) 890(m ) 9 0 0 (w ) 730(m ) 720(m ) 6 2 5 (w )
560(w) 510(w) 135(s) 360-315(vs) 275(w)
*H .N .M .R . D a ta  (<5 ppm; r e f  TMS; DMSO d6s o l u t i o n )  1 .2 7  
^ P .N .M .R .  D a ta  (6 ppm; r e f  H^PO^;DMSO d^ s o l u t i o n )  2 0 (b r o a c  
P h p n tlo a l A n a l y s i s  (%) Found C : 2 1 . 1 ,  H i l .O ,  N :5 « 8 ,  C l ; 1 5 . 3
-  6J, -
C a l c 'd  f o r  CgHj ^ C l g P g T i , C ; 2 0 . 7 ,  H :3 .9 ,  N : 6 . 0 ,  C l : i 5 . 8 .
_2B11 R e a c t io n  o f  1 . 3  d l ( t e r t - b u t y l )  2 , l b l s  (d lm e tfa y la m ln o )
1 , 3 , 2 , ^  d l a z a d l p h o s p h e t ld ln e  w ith  t i t a n i u m  ( I V )  c h l o r i d e  
T iC l^  (O .ic m ^ ; 3 .6 2 , m m ols) i n  b e n z e n e  (~ 1 0 c m ^ ) 
w as d r ip p e d  i n t o  a  b e n z e n e  s o l u t i o n  o f  (Me2itFNBut )2 
( O .S 9 g j  3 .3 9  m m o ls ) . Im m ed ia te  r e a c t i o n  o c c u r s  t o  g i v e  
a  d a r k  g re e n -b ro w n  s o l i d  an d  s o l u t i o n  .  R em oval o f  s o l v e n t  
by d i s t i l l a t i o n  i n  v a c u o  f o l l o w e d  b y  w a sh in g  w ith  h e x a n e  
t o  rem ove u n r e a c t e d  s t a r t i n g  m a t e r i a l s  a f f o r d e d  th e  
p r o d u c t  a s  a n  o l i v e  s o l i d  ( I I )  ( 0 . 8 2 g ; 5 0 * )  |
I n f r a - r e d  D a ta  (cm *; n u jo l  an d  HCB m u l l s )  3 1 5 0 (v w )
2 9 5 0 (m ) 2 9 1 0(m ) 2 8 5 0 (w ) 2 8 0 0 ( w ,s h )  U 5 0 ( m ,b r )
U 0 5 (m )  139 5 (m ) 1365(m ) 1 2 9 0 (m ) 1255(m ) 1 2 3 0 (w )
1175 ( v s )  1 0 9 0 (m ,sh )  1 0 6 0 (v s )  10M )(s )  1025( v s )
1000(m ,sh )  995( v s )  970( s )  915(w ) 685( v s )  8i ,0( s )
8 l 5 ( m )  8 0 0 ( s )  8 1 5 ( w)  8 0 5 (w ) 7 7 5 ( w )  7 0 2 ( m )  6 8 5 ( v s )
6 7 1 (m ) 6 5 0 (w ) 608(m ) 575(m ) 52.5(w ) 5 3 0 (w ) 5 1 0 (w )
185(w ) i .20( v s ; s h )  100( v s )  360( v s )  32,5( v s )  320( v s )
285( v s )  265( v s )  22,0( s )
^ f l.N .M .R . D a ta  (dppm ; r e f  IM S; C D C l^  s o l u t i o n )  1 . 3 8 ( 6 )  
1 .2 ,5 U )  2.74- ( 3 )  2 .9 1  ( 1 )  2 9 7 (2 )  3 . 1 1 ( 1 )
^ P .N .M .R .  D a ta  ( d  ppm; r e f  H ^ P O ^ jC D C l^ so lu t io n )
- 8 3 .5 2  ( 3 )  - 6 .9 5  U )
2B 111  R e a c t io n  b e tw een  1 .3  d i  ( t e r t - b u t y l )  2 ,  K d i c h l o r o -
1 , 3 , 2 , 2, d i a z a d ip h o s p h e t id in e  w ith  n o r b o r n a d ie n y l - 
m olybaenum  t e t r a c a r b o n y l .
B en zen e  (~ 5 0 c m ^ ) w a s d i s t i l l e d  o n to  a  m ix t u r e  o f  
t ( n o r - c 7H ^)M o(CO )^] ( 1 . 5 2 g ;  5 .0 1 . m m ols) i n  v a c u o  a t  7 7 K .
On w arm ing t o  room  t e m p e r a t u r e  a  b lo o d  r e d  s o l u t i o n  
s lo w ly  d e v e l o p e d .  A f t e r  a  w eek th e  s o l u t i o n  w as 
c o n c e n t r a t e d  a n d  t r a n s f e r r e d  t o  a  c h ro m a to g ra p h y  co lu m n  
p a c k e d  w ith  W hatman C M II c a rb o x y m e th y l c e l l u l o s e  a n d  
e l u t e d  w ith  c h l o r o f o r m .  A p a l e  brow n s o l i d  ( I I I )  w as 
o b t a in e d  by a d d i n g  h e x a n e  t o  th e  c o n c e n t r a t e d  c h lo r o f o r m  
s o l u t i o n .
I n f r a - r e d  D a t a  (cm“ ; n u j o l  an d  H .C .B .m u l l s )  3 2 0 0 (m ,s h )  
3 1 5 0 (m ,sh )  3 1 0 0 (m ,s h )  2 9 7 0 ( s )  2 8 9 0 ( s )  280 0 (m ) 270 0 (m )
2 5 9 5  (m) 21.95( e ) 2 2 0 0 (v w ) 2 0 8 0 (m ) 2 0 3 0 (m ) 1 9 7 5 ( s )
19l 0( v s , b r )  1 900( s , s h )  17 l 0(w ) l 695(w ) 1590(w ) U 95( s )
U 6 5 (m )  U 5 5 ( m )  U 1 0 (w )  U 3 0 (w )  l 3 9 0 ( s )  l 3 6 C ( s )  
i 3 6 3 ( s )  I 3 2 0 (m )  l 2 8 5 ( s )  l 2 5 0 ( s )  H 8 5 ( s , b r )  H 5 0 ( s , b r )  
H 3 0 ( s , b r )  l 0 5 0 ( v s , b r )  I 0 0 5 ( v s , b r )  9 5 5 ( v s , b r )  9 3 0 ( v s )
8 9 0 ( v s )  7 8 5 (m ) 750(m ) 7 l0 (m ) 6 l5 (m )  5 9 0 ( s )  5 7 0 ( s )
1 3 5 ( s )  1.10 (w )  360(m ) 335(m )
C h e m ic a l A n a l y s i s (jb) Found  C : 3 5 .0 6 ,  H :5 .9 8 ,  N :1 3 0 ,
C l :  1 1 .86,  M o: 1 5 .5 0  C a lc  d f o r  ^'■ jg^j2^2^}2^^’2 ^ 1 ^ ^ *
C : 3 7 .9 1 ,  H : 5 . 8 3 ,  N : 1 . 9 1 ,  C l :  1 2 .1 3 ,  M o: 1 6 .8 2 .
2 B i v  R e a c t io n  o f  1 . 3  d i ( t e r t - b u t y l )  2 , 1  d l c h l o r o  1 , 3 , 2 , 1 -  
d l a z a d l p h o s p h e t i d i n e  a n d  m olybdenum  h e x a - c a r b o n y l .
D io x a n  w a s  a d d e d  t o  a  m ix tu r e  o f  (C iP K B ut )2 
( 3 . 6 3 g ;  1 3 .2 0  m m ols) an d  M o(C 0)g  ( 3 . 5 1 g ;  1 3 .1 1  mmols) 
th e  resulting solution w as h e a t e d  a t  r e f l u x  f o r  2i h o u r s .
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t h e n  c o n c e n t r a t e d  t o  -5 c m ^  a n d  t r a n s f e r r e d  t o  a  c h ro m a to g ra p h y  
p a c k e d  w ith  Whatman CMII c a r b o x y m e th y l c e l l u l o s e .  A brow n 
f r a c t i o n  w as e l u t e d  w ith  d ic h lo r o m e th a n e  a n d  a  b l a c k  on e w it h  
T .H .F .  R em oval o f  s o l v e n t  g a v e  th e  m a jo r  p r o d u c t  a s  a  brow n 
s o l i d  ( I V )  a n d  a  t r a c e  am ou n t o f  a  b l a c k  s o l i d  ( V ) .
B row n  s o l i d  ( IV )
I n f r a - r e d  D a ta  (cm“ 1 ;  n u j o l  a n d  H .C .B .  M u l l s )
3 2 0 0  ( w ,s u )  3 1 1 0 (m ,sh )  3 0 6 0 (m ,sh  2 9 6 0 ( s )  2 8 8 0 ( s )  2 8 0 0 ( s )
2 7 0 0 (m ) 2 5 9 5 (m ) 2 4 9 5 (m ) 2 0 7 0 ( s )  2 0 1 0 (m ,sh )  1 9 9 5 ( s , s h )
1 9 4 5 ( v s , b r )  1 9 1 5 ( s s h )  1 7 7 0 (v w ,s h )  1 7 3 0 (w ) 1 7 0 O (v w ,sh ) I
I 6 8 5 ( v w ,s h )  1510(m ) U 7 5 ( w )  U 6o (w ) 1 U 5 ( w ,s h )  U 0 2 (m )
1 3 7 5 (m ) 1370(m ) 1300(m ) 1 2 6 0 ( s )  1190(m ) 1 0 9 0 ( s )  1 0 6 5 ( s )
1 0 1 5 ( s )  930(vw ) ? 00(w ) 795(e ) 720(v w) 6 2 0 (w ,s h )  6 0 0 (m )
5 7 5 (w ) 4 5 0 (w ) 3 70 (w )
1 H .N .M .R . D ata  (6 ppm ; r e f  T1.!S; C D C l^ s o lu t io n )  1 .5 4  
^ 1 P .N .M .R . D a ta  (6  ppm; r e f  H^PO^J CD C lji s o l u t i o n )  - 8 . 0 9  ( s l . b r '  
13C .N .M .R . D a ta  (6  ppm; r e f  TMS; C D C lj s o l u t i o n )  2 3 4 .2 ,  - 1 8 . 5 -  
( s l , b r )
B l a c k  S o l i d  ( V )
I n f r a - r e d  D ata  (cm“1 n u jo l  a n d  H .C .B .  M u l l s )
3 0 4 0 (m ) 2 9 7 5 ( s )  2 9 0 0 (m ,sh )  2 8 8 0 (w ,sh )  2 7 9 0 (w ,s h )  1 9 6 5 (m )
1 8 6 0 ( w) U 5 0 (v w )  1 4 0 0 (w ) 1 3 7 0 (w ) 1 3 0 0 (w ) 12 5 0 (m ) 1 2 2 5 ( m ,s h ) )  
1 1 9 5 ( s )  1095(m ) 106 5 (m ) 104 0 (m ) 1025(m ) 9 3 0 (m ) 9 0 0 ( s )  ’)
8 8 0 (m) 800 (m ) 7 2 0 (w ) 6 3 5 ( w ,s h )  6 20 (m ) 5 4 5 (w ) 5 3 0 (w ) 4 9 0 (m
4 3 0 (m ) 4 1 5 (w ,s h )  3 9 5 (w ) 3 2 0 (w ) 3 0 0 (v w ,sh )
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2 B v  R e a c t i o n  o f  1 . 3  d i ( t e r t - b u t y l )  2.1 d l c h l o r o  1 . 3 . 2 .1 
d l a z a d l p h o s p h e t i d l n e  w ith  d lm a n g a n e se  d e c a c a r b o n y l .
A m ix t u r e  o f  Mn2 (C 0 )10 ( 3 . 0 7 g ;  7 .8 8  m m ols)
an d  (C lP N B u ^ Jg  ( 2 * ° 9 g J  7 .6 0  m m ols) w as p l a c e d  i n  a  2 5 0  cm5 
ro u n d  b o tto m e d  f l a s k  f i t t e d  w ith  a  c o n d e n s e r  a n d  a  
n i t r o g e n  b u b b le r .  p - X y le n e  (~ 1 0 0 c m ^ ) w as a d d e d  an d  
th e  i n i t i a l  y e l lo w  s o l u t i o n  h e a t e d  a t  r e f l u x  f o r  ~ 1 5  m in s .  
F i l t r a t i o n  o f  th e  c o o l e d  s o l u t i o n ,  f o l l o w e d  by  
r e c r y s t a l l i s a t i o n  o f  th e  s o l i d  m a t e r i a l  fro m  T .H .F .  
g a v e  th e  p r o d u c t ,  t M n iC O jjiC lP N B u ^ J g ^ l  a s  a  w h ite  s o l i d ( V I  
( 0 . 8 5 g ;  3 1 $ ) .  The f i l t r a t e  w as c o n c e n t r a t e d  t o —5cm^ 
an d  t r a n s f e r r e d  t o  a  c h ro m a to g ra p h y  co lum n p a c k e d  
w ith  100-200 m esh F l o r i s i l .
E l u t i o n  w ith  n - h e x a n e  y i e l d e d  a  y e l lo w  s o l u t i o n  shown 
by i n f r a - r e d  s p e c t r o s c o p y  t o  b e  u n r e a c t e d  M n g iC O )^  • 
F u r t h e r  e l u t i o n  g a v e  a  d a r k  brow n s o l u t i o n  w h ich  y i e l d e d  
a  t r a c e  am ount o f  a  d a r k  brow n s o l i d  (A ). E l u t i o n  w ith  
T .H .F .  g a v e  tw o m ore brow n f r a c t i o n s  (B )  an d  ( C ) .
W hite  s o l i d  ( V I I
I n f r a - r e d  D a ta  , (cm “ 1; n u jo l  an d  H .C .B .  m u l l s )  2 9 9 5 ( s )  
2 9 7 5 ( a )  2 9 5 0 ( s )  2 9 0 5 ( s )  2 8 9 0 ( s )  2 7 9 5 (v w ) 2 7 7 0 (v w )
2310(vw ) 2 2 8 0 (v w ) 1920(m) 1870(vw) I6 6 0 (m ) I 6l>5( v , s h )
U 6 5 (m )  U 5 5 ( m ,s h )  1 U 5 ( m ,s h )  137 5 (m ) 1 3 5 0 (m ) 1320(w )
1300(w ) 1270(m ) 1255( w ,s h )  12W >(vw ,sh ) 1 l8 0 (m )
1 0 8 0 (m ,sh )  I 0 6 0 ( m ,s h )  10U ) ( v s )  9 6 0 (w ) 925( s )  8 9 5 ( v s )
8 8 5 ( v s , s h )  8 0 5  (w ) 730(w ) 6 8 0 (w ) 2 .6 5 (v w ,b r )
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~*H .N .M .R . D a ta  ( 6 ppm; r e f  TK S; DMSO d ^  s o l u t i o n )
1.0  ( b r o a d )
C h e m ic a l A n a ly s i s  ( ¡¿ )  Found C : 31.5, H : 5 . 6 ,  N : 6 . 9 ,
C l :  2 2 . 7 ,  C a l c ' a  f o r  C17H36 N ^C l^  0  P ^ lfn , C : 3 2 . 2 ,
H : 5 . 7 ,  N : 8. 8, C l :  2 2 .1  
D ark  Brow n S o l i d  (A)
I n f r a - r e d  (cm“ * 1, C C l^  s o l u t i o n )  2965 (m) 2 9 3 0 (m ) 2 8 8 0 (w )
2100(w ) 2 0 8 0 ( s )  2060( s )  2010(m ,sh )  2010( s , s h )  2000( v s )
1 9 8 5 ( v s )  1 9 7 0 ( v s )  1 S 5 5 (m ,sh )  1936(m ) 1 S 2 5 (m sh ) 1 9 0 5 (w )
1665(w) 1 l6 0 (m ) 139C(m ) 13 6 5 ( s )  1 2 6 0 (m ) 1180(s ) 1100(m
1035(m ) 1015(m ) 960 (w ) 670(m ) 7 l6 ( w ,b r )  6 7 5 (v w ) 6 5 0 ( s )
635(s ) 195(w) 1 6 0(vw)
' * H . , ; .y .R .  D ata  ( d  pcm; r e f  TMS; C D C l^ s o lu t io n )
1 .5 7  ( 1 ,  s i ,  b r )  1 .1 9 ( 1 )  1 .3 3 ( 1 )
31P . iU . ! .R .  D a ta  ( d  ppm; r e f  H^PO^; C L C l^ s o lu t i o n )
-  103.56 ( 3 )  - 129 . 00( 1 ) - 1 5 0 .9 7 ( 1 )  - 1 8 6 .6  ( 2 )
Brow n S o l i d  (B )
I n f r a - r e d  D a ta  (cm -1  C C l^ s o lu t io n )  2 9 8 0 ( s )  2 9 1 0 ( s )
2870(m) 2 0 8 0 (m ) 2010( s )  1995( s )  19&5 ( s )  1 9 7 3 ( s )
1 9 l0 (m ) 1660(vw) 1 l6 2 (m ) 1 U 3 (w )  1 l2 0 (m )  1 3 9 5 (m )
1370( s )  1265( v s )  1 2 2 5 (w ) 1 1 9 0 ( s )  1100 ( v s )  1020( v s )
9 9 0 ( s )  9 0 5 (m ,sh )  8 7 0 ( s , b r )  705(vw ) 6 9 5 (w ) 6 6 5 (w )
6 1 0 (wO 6 2 5 (v w ,s h )  5 7 5 (w ) 510(w ) 1 0 0 (m ) 3 6 0 ( w ,s h )
1H .N .t t .R . D ata  (dppm ; r e f  TMS; C D C l^ s o lu t io n )  1 .3 6  
31P .N .M .R . D a ta  ( d  pnim; r e f  H^FO^; CD Cl^ s o l u t i o n )
- 7 1 .2 7  ( 2 )  - 9 8 .5 6  ( 2 )  - 1 2 8 .9 6 ( 3 )
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Brow n s o l i d  (C )
I n f r a - r e d  D a ta  (cm - 1 ; G C l^  s o l u t i o n )  2 9 8 0  ( v s )  2 9 4 5 (m ) 
2 9 2 0 (m ) 2 6 8 0 (w ) 2080(w ) 2 0 2 0 ( s )  1 9 8 5 ( s )  1 9 6 5 ( s , b r )
1 9 3 0 (m ,sh )  U 6 5 (w )  U 0 0 (w )  1 3 7 0 (m ) 12 7 0 (m ) 1 2 5 5 ( w ,s h )
1 2 2 0 (m) 1 205(m ) 11S0(m ) 1 0 9 0 (m ,b r )  10 4 0 (m ) 1 0 2 0 (m )
9 0 0 (w ) 8 7 0 (v w ) 735(m ) 6 6 0 (w ) 6 4 0 (v /) 5 7 0 r vw) 5 0 0 (v w )
4 3 5 (v w ) 3 9 5 (vw)
1H .N .M .R . D ata  ( 6 p p m ;r e f  T IiS ; CDC1 ^ s o l u t i o n )  1 . 3 3 ( s l , b r )
^ P .N .M .R .  D ata  (<S ppm; r e f  H^PO^; C D C l^ s o lu t io n )  i
- 4 6 . 1 2 ( 2 )  - 5 5 .1 7 ( 2 )  - 5 9 . 2 9 ( 1 )  - 7 1 . 3 7 ( 6 )  - 1 2 4 . 0 7 ( 1 )
- 1 4 1 .0 9 ( 1 )  - 1 4 2 .7 4 ( 2 )  - 1 4 4 . 3 9 ( 2 )
2 B v i R e a c t io n  o f  1 ,3  cii ( t e r t - b u t y l )  2 , 4  d i c h l o r o  1 , 3 , 2 , 4 -
d i a z a d i o h o s p h e t i a i n e  w ith  d i i r o n  e n n e a c a r b o n v l  i n  a
c a r b o n  m onoxide a tm o sp h e r e .
F e 2 (C 0 )9 ( 1 . 3 4 g ;  3 .6 8  m m ols) a n d  (C lPN B u1^
( 2 . 02g ;  7.36 n m o ls )  w ere p l a c e d  i n  a  100 cm^ g l a s s
am p o u le  a n d  T .H .F .  (~ 5 0  cm ^) d i s t i l l e d  i n  u n d e r  vacu um
a t  77K . The am pou le  w as f i l l e d  w i t h  one a tm o s p h e r e
o f  c a rb o n  m onoxide g a s  an d  s e a l e d .  On w arm ing t o  R .T .
a  d a r k  brow n s o l u t i o n  s lo w ly  d e v e lo p e d .  A f t e r  3  d a y s ,
*
th e  s o l u t i o n  w as c o n c e n t r a t e d  t o  ~ 5  cm  an d  t r a n s f e r r e d . ,  
t o  a  c h ro m ato g rap h y  colum n p a c k e d  w i t h  100-200 m esh 
F l o r i s i l .  E l u t i o n  w ith  T . H .F .  y i e l d e d  one m a jo r  
b ro w n -re d  b a n d , w hich g a v e  a  cream y  brow n  s o l i d  ( V I I )  
on  c o n c e n t r a t i o n  an d  a d d i t i o n  o f  n - h e x a n e .  T h o ro u g h  
w a sh in g  w ith  n -h e x a n e  an d  d r y in g  g a v e  th e  p u re  p r o d u c t  
[ Fe (C 0 )3 { (C lPK But ) 2 H ( 0 - 6 l g ;  2 0 * ) .
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Infra-red D a t a  (cm - ^; n u jo l  and H .C .B .  m u l l s )
2960(s) 2900(m) 2 8 6 0 (m ) 2790(m) 2700(w ) 2590(w )
2100(w) 2 0 5 0 (w ) 2000( s )  1 9 5 5 ( s )  1925( s )  1620(v w )
15 0 0 (w ) 1 l5 5 ( w )  1 3 9 0 (w ) 1 3 6 5 (w ) 1 2 9 5 ( w ,s h )  1 2 5 5 i s )
1 220(m ,sh )  1200( s )  1 1 3 0 (w ,s h )  1100 ( s )  1030( m ,s h )
935(m) 9 2 0 ( s )  900(m ) 8 0 0 (w ) 720(w ) 625(m ) 5 1 0 (w )
150(m )
^H .N .M .R . D a t a  (6 ppm ; r e f  TMS; DMSO d^ s o l u t i o n )  1 .3 3  
^ 1P .N .M .R . D a ta  (6  ppm ; r e f  H^PO^; DMSO d ^  s o l u t i o n )  
1 0 .1 6
C h em ic a l A n a l y s i s  ( £ )  Found : 3 1 . 8 ,  H : 1 . 5 ,  N : 6 . 9 ,  C l :  
1 6 .5  C a l c ' d  f o r  C1 ■ jttjgC lgN gO jP gF e  C : 3 1 . 8 ,  H : l . l ,  
N : 6 . 7 ,  C l :  1 7 . 0 .
2 B v i iR e a c t io n  o f  1 .3  d i ( t e r t - b u t y l )  2 . 1  d i c h l o r o  1 . 3 . 2 , 1  - 
d i a z a d i p h o s o h e t i d i n e  w ith  d i i r o n  e n n e a c a r b o n y l  u n d e r  
a n  i n e r t  a t m o s p h e r e .
7
T .H .F .  (~ 5 0  c n r )  w as d i s t i l l e d  o n to  a  m ix t u r e  o f  
F e 2(C 0 )9 ( 1 . 3 5 g ;  3 .7 0  m m ols) a n d  (C lP N B u 1^  ( 1 . 0 0 g ;  3 .6 0  
mmols)? a t  77K  u n d e r  vacu u m , i n  a  1 0 0  cm^ c a p a c i t y  
g l a s s  a m p o u le .  A f t e r  d e g a s s i n g ,  t h e  v e s s e l  w as s e a l e d  
u n d e r  v acu u m , an d  t h e  c o n t e n t s  a l lo w e d  t o  s lo w ly  warm 
t o  room t e m p e r a t u r e .  A f t e r  5  d a y s ,  t h e  r e d  s o l u t i o n  
w as c o n c e n t r a t e d  a n d  t r a n s f e r r e d  t o  a c h r o m a to g r a p h y  
colum n p a c k e d  w ith  1 0 0 - 2 0 0  m esh F l o r i s i l .  E l u t i o n  
w ith  T .H .F .  g a v e  o n e  b ro w n -re d  m a jo r  b o n d , w h ich  on  
c o n c e n t r a t i o n  f o l lo w e d  by a d d i t i o n  o f  n - h e x a n e  g a v e
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t h e  p r o d u c t ,  [F e g iC O )^  { ( C lP N B u ^ g } )  a s  a  p a l e  brow n s o l i d  
( V I I I )  (m p t , d e c  > 1 7 0 K ; 0 .7 1 g  3 1 * )
I n f r a - r e d  D a ta  (cm - 1 ;  n u jo l  a n d  H .C .B .m u l l s )
2960(s ) 2920(s ) 2 6 8 0 ( s , s h )  2790(m) 2730(m) 2690(m)
2580(m) 2180(m) 2360(vw) 2100(s) 2070(m,sh) 2017(s)
1990(s) 1960( s ) 1925(s ) 1715(w) 1500(m) 1l60(s)
1U 0( s )  1395( s )  1368(s ) 1285( s , s h )  1255( s , s h )  12 l 5( v s )
1 220( s )  1 1 8 0 ( s , b r )  1 0 6 0 ( s b r )  1015 ( s b r )  975(m ,b r )
9 3 0 (m ,b r )  8 7 5 ( s , b r )  795 (m ) 7 1 5 (m ) 6 8 0 (w ) 6 7 5 ( w ,s h )
6 3 8 (m ,s h )  6 l5 (m )  5 1 5 (m ,b r )  U O ( m .b r )  3 9 5 (w ,s h )
3 1 0 (w ) 2 8 0 (v w )
1H .N .M .R . D a ta  {6 ppm; re fT M S ; CDCl^ s o l u t i o n ) 1 ,1 8  
3 T .N .M .R .  D a ta  (6 ppm ; r e f  H^PO^; C D C l^ s o lu t io n )
1 7 .0 8  ( s l . b r )
C h e m ic a l A n a l y s i s  (•*) Found C : 3 0 . 6 ,  H : 2 . 9 ,  N : 5 . 0 ,
C l : 1 2 . 2 ,  MWT (O sm o m e tr ic  C H C l^) :  5 7 6  C a l c 'd  f o r
C15H18N2Cl2°7P2Fe2; C: 30*6» H:3*1» Cl:12.2,
IfflTT: 5 8 3
2 B v i i  R e a c t i o n  o f  1 ,3  d i  ( t e r t - b u t y l )  2 , 1  b i s  (d im e t h y la m ln g ) -  
1 . 3 . 2 ,1  d i a z a d i p h o s p h e t i d i n e  w ith  d i i r o n  e n n e a c a r b o n v l .
7
T .H .F .  (~ 5 0  cm ) w as d i s t i l l e d  i n  v a c u o  o n t o  a  
m ix t u r e  o f  F e 2 (C 0) g  ( 0 . 9 9 g ;  2 .7 2  m m ols) a n d  (M egN PM Bu*)«
( 0 .8 0 g  ;2 .7 1 m m o ls )  a t  77K i n  a  1 0 0  cm3 c a p a c i t y  g l a s s  
a m o o u le . The r e a c t i o n  v e s s e l  w as degassed an d  s e a l e d  
u n d e r  v acu u m . On warming t o  R.T. a dark brow n s o l u t i o n
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d e v e lo p e d .  A f t e r  a w eek , th e  s o l v e n t  w as rem o v ed  an d  
t h e  r e s i d u e  e x t r a c t e d  w ith  n -h e x a n e  t o  g i v e  a  brow n 
s o l u t i o n  8nd a n  i n t r a c t a b l e  o i l .  C o n c e n t r a t i o n  o f  th e  
h e x a n e  s o l u t i o n  f o l l o w e d  by p a s s a g e  th r o u g h  a  100-200 m esh
P l o r i s i l  c h r o m a to g r a p h y  co lu m n  g a v e  tw o f r a c t i o n s  (A , B ) .  
P a l e  Brow n S o l i d  (A )
I n f r a - r e d  D a ta  (cm- 1 ;  n u jo l  m u ll  a n d  CH Cl^ s o l u t i o n )
3 0 0 0 (m) 2960(s ) 2920(m) 2900(m) 2 8 8 0 (m ) 2835(w)
2795(w ) 202.0( s )  1970( s )  1 9 6 0 (m ,sh )  1 9 3 5 ( v s )  1 9 1 0 (m ,sh )
1 3 9 0 (w ) 1 3 6 5 (m ) 1 2 7 5 (w ) 1255(m ) 1 2 3 5 (w ) 1 2 1 5 (w )
1 1 9 5 (m ) 1 1 7 0 (w ) 1 0 9 5 (m ) 1 0 5 5 (m ) 1 0 3 5 (m ) 1 0 1 0 ( s )
9 7 5 (m ) 9 6 5 (m) 8 6 5 ( s )  8 0 0 ( s )  7 0 5 (w ) 3 9 5 ( w ,b r )
1H.n .w .R .  D a ta  ( d  ppm ; r e f  T »fS ; C D C l^ s o l u t i o n )
1.3 2  ( 1 1 ) 2 .5 7  ( 2 ) 2 . 8 0 ( 3 )  3.00 ( 2 )
31P .H .M .R . D a ta  PPmJ r e f  H3POi . i  CDC13 s o l u t i o n )
- 1 2 3 .7  U )  - 9 2 ..8  ( 5 )
Brow n S o l i d  (B )
I n f r a - r e d  D a ta  (cm - 1 ; N u jo l  m u ll  o n ly )  202.5 (m)
2 0 3 8 (m ) 1 9 6 7 (m ) 1 9 3 5 ( v s )  1928( v s )  I 8 9 8 ( m ,s h )  1 8 6 8  ( s )
1 2 9 0 (w ) 1270(m ,sh )  1255( v s )  1 1 9 5 ( s )  1170 (w ) 1 0 8 5 ( v s )
1 0 6 0 ( v s )  1025( v s )  1010( v s )  970( s )  920(w ) 890( s )
8 6 0 (w ) 7 9 5 ( s )  7 3 5 (w ) 7 1 5 (w ) 6 9 0 (w ) 6 7 0 (w ) 6 1 5 (s )
5 9 5 ( w ,s h )  5 7 0 (w ) 5 2 5 (w ) 1.60(w ) 3 8 5 (w )
1H .N .M .R . D a ta  (<5 ppm ; r e f  TMS; C D C l^ s o lu t io n )  1 .2 7 (2 .)
1 . 3 3 ( 3 )  1 . 36( 2. )  1 .2 .2 (7 )  2 . 7 2 ( 2 )  2 . 7 7 ( 3 )  2 .8 2 ( 3 )
2 .8 7 ( 3 )  3 . 0 0 ( 1 )
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^1 P .N .M .R . D a ta  (6 ppm ; r e f  H^PO^; C D C lj s o l u t i o n )  
- 1 5 . 0 1 ( 9 )  - 1 1 .2 0 ( 5 )  - 7 . U  ( 5 )  - 1 . 1 7 ( 6 )  - 1 . 8 0 ( 9 )
-7 .1 K 3 )
2 B x l R e a c t lo f t  o f  1 .3  d l ( t e r t - b u t y l )  2 . 1  d l c h lo r o  1 . 3 . 2 , 1  -  
d i a z a d lp h o s p h e t id ln e  a n d  d l c o b a l t  o c t a c a r b o n y l .
a )  A h e x an e  s o l u t i o n  o f  C o gfC O )^  ( 1 . 3 0 g ;  3 . 8 0  m m ols)
v a s  a d d e d  t o  a  s i m i l a r  s o l u t i o n  o f  (C lP N B u ^ g  
( 0 . 99g ;  3 .6 0  m m ols) i n  a  s i n g l e  am poule  w h ic h  w as th e n
d e g a s s e d  an d  s e a l e d  u n d e r  vacu um  a t  77K.On w a n n in g  t o  R .T .  
a  d a r k  g re e n -b ro w n  p r e c i p i t a t e  an d  s o l u t i o n  fo r m e d . 
E x t r a c t i o n  w ith  h e x an e  g a v e  a  g r e e n  s o l i d  ( I X )  ( 0 .3 2 g )  
a n d  a  brown s o l u t i o n  w h ich  y i e l d e d  a  brown s o l i d  (X ) 
( 0 . 8 0 g ) .  B o th  s o l i d s  t u r n e d  t u r q u o i s e ,  ( I X )  r a p i d l y  
on  pum ping an d  (X ) s l o w ly  on s t o r i n g  s e a l e d  u n d e r  
vacu um .
G re e n  S o l i d  ( I X )
I n f r a - r e d  D a ta  (cm” 1 ;  n u jo l  m u ll o n ly )  2 0 7 0 (w ) 2 0 0 5 ( s )
1255(m ) 1 I8 0 (m ) 1 0 9 0 ( s )  1 0 1 5 ( v s )  930(m ) 900 (m ) 8 9 0 (m )
8 0 0 (m) 718(w ) 5 1 0 (w ) 1 5 0 (w ) 385(m ) 3 1 0 (v w )
T u r q u o is e  s o l i d  fro m  d e c o m p o s it io n  o f  g r e e n  s o l i d .  
I n f r a - r e d  D a ta  (cm- ^ n u jo l  and H .C .B . m u l l s )  2 9 A 5 (s )  
2 9 2 0 ( s )  282,0(m) 2 0 3 0 ( s )  I 6 0 0 (v w ,b r )  1 l5 5 ( w )  U-OO(w)
1 370(m ) 1 2 5 5 ( s )  1 2 3 0 (w ,s h )  1185(s ) 1 U 0 ( w )  1 1 0 0 ( s )
1 0 7 0 ( s )  1 0 3 0 ( s )  9 7 5 (v w ) 9A0(m ,sh )  920 (m ) 905(m )
8 8 0 ( s , s h )  8 7 5 ( s )  8 0 5 (w ) 720(m ) 625(w ) 5 A 5 (m ,sh )
530(m ) A30(w )
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Brow n S o l i d  (X)
I n f r a - r e d  D a ta  (cm_1 ; n u j o l  a n d  H .C .B .  m u l l s  a n d  C H C lj 
s o l u t i o n )  295 5 (m ) 2 9 2 0 (m ) 2 8 7 0 ( w ,s h )  2 8 5 5 (w ) 2 7 3 0 (w )
2 0 7 0 (w ) 2 0 4 0 (w ) 2 0 0 0 ( s )  1 4 5 5 (w ) 1 3 9 5 (w )  1 3 6 5 (m )
1255(m ) 1245(m ,sh )  1220 (w ) 1 l8 5 (m )  1 0 8 0 ( s , b r )  1035( s )
1 0 0 5 ( s )  9 25 (m ) 8 5 0 ( s , b r )  8 0 0 ( s )  7 2 0 (v w )  6 4 5 (w ) 5 8 0 (m ) 
5 4 5 (m ,s h )  5 2 5 ( s , s h )  5 1 0 ( s )  4 5 5 (m ) 4 2 0 (m )  3 9 0 (m )
345  (w )
^ H .N .M .R . D a ta  (6 ppm; r e f  T ilS ; C D C l^ s o l u t i o n  ) 1 . 3 0 ( s l , b r  
T u r q u o i s e  s o l i d  fro m  d e c o m p o s i t io n  o f  b ro w n  s o l i d .
I n f r a - r e d  D a ta  (cm- 1 ; n u j o l  a n d  H .C .B .  m u l l s )  2 9 5 0 (m )
2 9 2 0 (m ) 2 8 4 5 (w ) 2 0 7 0 ( s )  2 0 0 0 ( s )  1 9 6 5 (m ) 1 9 2 5 (m ,b r )
I 6 0 5 ( b s )  148 3 (m ) 1 U 5 ( b s )  1 3 6 5 (w ) 1 2 6 0 (w )  1 2 4 0 (w )
1 2 1 5 (d )  1200(w,sh) 1165(w ) 1070(s) 1 0 5 0 ( s )  1 0 2 0 (m )
8 8 5 (w ) 765(v s ) 750(m) 7 0 0 (v s )  6 9 0 (v s )  660(m) 425(w )
3 4 5 (m ) 3 0 2 (m)
b )  B e n z e n e  w as d i s t i l l e d  o n  t o  a  m ix t u r e  o f  CO giCC^g 
(1.92g; 5.61 m m ols) a n d  (C lP iIB ut )2 ( 1 .6 9 g ;  6 .1 5  m m ols) 
u n d e r  vacuum  a t  77K . A f t e r  s lo w  w arm in g  t o  R .T .  t h e  
s e a l e d  r e a c t i o n  v e s s e l  w a s  k e p t  a t  323K  f o r  a  w e e k . The 
s o l v e n t  w as rem oved  fro m  t h e  brow n s o l u t i o n  an d  s o l i d ,  
th e  r e s u l t i n g  brow n p r o d u c t  s lo w ly  d e c o m p o se d  t o  a  
t u r q u o i s e  s o l i d .  I n f r a - r e d  an d  1H .N .& .R .  d a t a  w as 
i d e n t i c a l  a s  t h a t  o b t a i n e d  f o r  th e  b row n  p r o d u c t  (X  ) i n  ( b )
2 B x .Reaction o f  1 ,3  di(tert-butyl) 2 ,4  dichloro 1 , 3 , 2 , 4 -  
fliazadinhosphetidine with tetracarbonyl di- M-chloro- 
dirhodium.
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H e x an e  (~ 5 0  cm ) w a s  d i s t i l l e d  i n  v a c u o  o n to  a  
m ix t u r e  o f  [R hg (C 0 )^ C 1 2 ] ( 0 . 9 3 g ;  2 .A 0  m m o ls) a n d  ( C lP R B u ^ g
( 1 . 3 8 g ;  5 .0 1  m m ols) a t  7 7 K . A f t e r  d e g a s s i n g ,  th e  a m p o u le  
w as s e a l e d  an d  a l lo w e d  t o  warm t o  a m b ie n t  t e m p e r a t u r e  
when a  s lo w  r e a c t i o n  w it h  b u b b l in g  o c c u r e d .  T he p a l e  
lem o n  s o l i d  ( X I )  fo r m e d  o v e r  s e v e r a l  d a y s ,  w as re m o v e d  
b y  f i l t r a t i o n ,  w ash ed  t h o r o u g h ly  w it h  h e x a n e  a n d  pum ped d r y .  
(R h C l(C O ) {(C lP U B u t ) 2 { (1  ,7 1 g ;8 0 ;6 )
I n f r a - r e d  D a ta  (cm” ^ ; n u j o l  a n d  H .C .B .  m u l l s )  2 9 7 0 ( s )  
2960(s ) 2950(s ) 2920(s ) 286 0 (m ) 2 7 3 0 (m ) 2 0 2 0 ( s )
2 0 0 5 (w ) U 5 5 ( s )  1 3 9 5 (m ) 1 3 7 0 ( s )  12A 5(w ) 1 2 2 5 (w )
1180(w) 1 0 8 0 (w ) 10A5(s) 1030(s) 9 3 0 (w ) 8 8 5 (s ,sh )
8 6 5 ( s )  8 0 0 (w ) 7 2 0 (w ) 5 3 5 ( s )  A 55(m ) A 25(m ) 3 9 2 ( s )
3 A 8 ( s )  2 7 2 ( s )  2 5 5 (m)
^H .N .M .R . D a ta  ( 6 ppm; r e f  TMS; DMF d ^  s o l u t i o n )  1 .6 5  
^ P .N .M .R .  D a ta  (6 ppm; r e f  H^PO^; IMF s o l u t i o n )  
- 1 1 . 5 0 6 ( 1 )  6 .2 5 7 ( 1 )  A f t e r  on e m o n th ; - 3 . 3 1 0 ( 1 )  3 . 6 3 3 ( 1 )  
C h e m ic a l  A n a l y s i s  (/¿) f o u n d ,  C : 2 A .2 ,  H : 4 . 2 ,  K : 6 . 7 ,
C 1 :2 A .1  C a l c ' d  f o r  C ^ g C l ^ g O P g R h ; C :2 A .5 ,  H :A .1 ,
N :6.3, C l:22#.1.
7
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DISCUSSION
2A . H a l i d e  r e p la c e m e n t  o f  1 , 3  d i ( t e r t - b u t y l )  2,1 d i c h l o r o -
1 , 3 , 2,U d l a z a d l p h o s p h e t i d i n e .
W ith  th e  h ope o f  p r e p a r i n g  m ore h y d r o l y t i c a l l y  s t a b l e  
d e r i v a t i v e s  o f  th e  1 , 3 , 2,U d i a z a d i p h o s p h e t i d i n e  r i n g s ,  f o r  
p o s s i b l e  i n v e s t i g a t i o n s  o f  t h e i r  c o o r d i n a t i o n  b e h a v io u r ,  h a l i d e  
r e p la c e m e n t  r e a c t i o n s  o f  (G lH iB u ^ g W e re  u n d e r t a k e n :-
(C lP N B u b g  +  2RM ----- » (RPNBut )2 +  2HC1
R= Me, Bu11 M =  L i  
R =  Me M =  M gl
R =  NMe2 M =  H
D u r in g  t h e  c o u r s e  of t h i s  w ork s e v e r a l  r e p o r t s  1 5 5 ,1 6 2 ,1 6 7  
a p p e a r e d  o n  th e  s y n t h e s i s  o f  t h e s e  a n d  o t h e r  d e r i v a t i v e s .
(C1PNBu *)2 i s  h ig h ly  m o is t u r e  s e n s i t i v e  an d  c a r e  i s  
n e e d e d  w hen h a n d l in g .  W ith  (R P N B u *^  (R  =  B u 11,  MegN) t h i s  
p ro b le m  w as r e d u c e d , a l t h o u g h  p r o lo n g e d  c o n t a c t  w ith  th e  
a tm o sp h e r e  d id  c a u s e  d e c o m p o s i t io n .  I n  t h e  c a s e  o f  (MePNBu*)2 
d i f f i c u l t y  w as e x p e r ie n c e d  i n p u r i c a t i o n  a n d  i n  o b t a i n i n g  
h ig h  y i e l d s ,  t h i s  may h a v e  b e e n  d u e  t o  a i r / m o i s t u r e  s e n s i t i v i t y .  
A d d i t i o n  o f  LiM e t o  (C lP N B u ^ Jg  c a u s e d  p r e c i p i t a t i o n  o f  a  w h it e  
s o l i d ,  show n by i t s  i . r .  s p e c tr u m  t o  be L i C l ,  i n d i c a t i n g  
h a l i d e  r e p la c e m e n t  h ad  o c c u r r e d .  H ow ever a  p u re  p r o d u c t  c o u ld  
n o t  be  o b t a i n e d  by t h i s  m e th o d , i n s p i t e  o f  r e p e a t e d  r e c r y s t a l l ­
i s a t i o n  i n  a  v a r i e t y  o f  s o l v e n t s  a n d  a t t e m p t e d  f r a c t i o n a l  
d i s t i l l a t i o n .  (MePNBut ) 2w as s u c c e s s f u l l y  p r e p a r e d ,  a s  a  
w h ite  s o l i d ,  by u s in g  M ellg l, b u t  i n  v e r y  lo w  y i e l d .
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T h i s  w as t h e  m ethod u s e d  by S c h e r e r  an d  S c h n a b l  ,  who a l s o  
p r e p a r e d  i t  b y  c y c l i s a t i o n  o f  (B u ^ ifflJgP lIe  w it h  L 'e P C lg . O ur 
31P .N .M .R . d a t a  ( T a b le  2 . 8 )  c o n f i r m s  r e p la c e m e n t  o f  b o th  
c h l o r i n e s  a n d  i s  i n  a g r e e m e n t  w ith  t h a t  o f  S c h e r e r  a n d  S c h n a b l .  
I n f r a - r e d  d a t a  i s  g i v e n  i n  T a b le  2 . 9 .
T a b le  2 . 8  N .M .R . D a ta  f o r  (XPHBu1 ) ^  (X =  C l ,  M e, Bun , NHen )
co m p o u n d s.
X
1H .N .M .R .
(cfppm; re fT M S )
31p . n . m . r .
’ip p m ; r e f  H ^PO ^)
13c . n . m . r .
(<$ppm; r e f  TMS)
C l 1 .1-1
( t r i p l e t ; J p H= I H z )
- 2 0 7 .6 7 3 0 .3 2
( t r i p l e t ;
Jp Q = 6 .1 H z )
Me 1 .2 .5  (B u t ) 
1 .2 9  (M e)
( d o u b l e t  ; J ?H=1. •  5H z )
- 1 7 0 .7 3
B u n 1 .3 9 ( 9 )  (B u l ) 
0 . 9 3 ( 2 ) ,  1 . 2 2 ( 1 ) ,  
1 . 2 9 ( 3 ) ,  1 . 3 2 ( 2 ) ,  
1 .3 8 ( 1 )
- 178.82 1 7 .5 5 ,  1 5 .0 1  
( t r i p l e t  ; JpQ s/tH z ) 
1 0 .5 3
MegN 1 .1 9  (B u 1 ) 
2.68 (NMe2 )
( d o u b l e t ; J p H= 1 2 .8 K z )
- 1 8 2 . 7 ( 1 )
- 9 - U 8 ( 6 )
29. 81. ( t r i p l e t  
1 ^ = 1 9 .1 2 H z )  
31-.69 ( d o u b l e t
j p n c = 5 * 88H z)
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Table 2.9 Selected Infra-red Data for the 1.3.2.4 diaza-
diphosphetidines (XPNBu^)» (X = Cl.KeBun and lle^ N) ( cm~^)
(C l? N 3 u t )2 (Me PKBut )2 (B unPNBut ) 2 ( l i e 2iiPl,r3 u t )2
2960 ( s ) 2960 ( s ) 2 9 5 6  ( s )
29 2 5  ( s ) 2930 ( s , s h ) 2 9 1 5  ( s , s h )
2900 (m) 2900 ( s , s h )
28 6 5  (m) 28 7 0  ( s ) 2 8 6 0  ( s )
2850 (m ,s h ) 2821 (m)
2720 (m) 2710 (w) 2 7 8 3  (m)
2680  (m)
2580 (m) 2600 (w)
U 6 0  ( s ) 1460 ( s ) 1 4 5 5  ( s , b r )
1 4 2 5  (m)
1 4 0 0  (m)
1 3 9 5  ( s ) 1385 (m) 1 3 8 5  ( s )
1 3 7 0  ( s ) 1375  (m) 1 3 5 9  ( s )
1 2 7 3  ( s )
1240 ( s ) 12 4 0  ( s , s h ) 1 2 4 0  ( s )
1200 ( s , b r ) 1210 ( s ) 1210  ( v s , b r )
1070 ( s ) 1 0 5 8  (m)
1040 ( s ) 1035 ( s ) 1035 ( s )
10 2 5  ( s ) 1015 ( s ) 1 0 2 9  (m)
1000 ( s ) 9 9 8  ( s )
/
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Table 2.9 Selected Infra-red Data for the 1.3.2.4. diaza-
diphosphetidines (XPNBu^)^ (X = G1 .KeBu11 and Me^N) (cm~^)
( C l ? i S u t )2 (Me PKBut )2 (B u nPMBut )2 ( l i e 2IiPM3ut )2
2960 ( s ) 2960 ( s ) 2956 ( s )
2 9 2 5  ( s ) 2930 ( s , s h ) 2 9 1 5  ( s , s h )
2 9 0 0  (m) 2900 ( s , s h )
2 8 6 5  (m) 2870 ( s ) 2 8 6 0  ( s )
2 8 5 0  (m ,s h ) 2821 (m)
2720 (m ) 2710 (w ) 2 7 8 3  (m)
2 6 8 0  (m )
2 5 8 0  (m ) 2600 (w )
U 6 0  ( s ) 1 4 6 0  ( s ) 14 5 5  ( s , b r )
1 4 2 5  (m)
1 4 0 0  (m)
1 3 9 5  ( s ) 1 3 5 5  (m) 13 8 5  ( s )
1 3 7 0  ( s ) 1 3 7 5  (m) 1 3 5 9  ( s )
1 2 7 3  ( s )
1 2 4 0  ( s ) 1240 ( s , s h ) 1 2 4 0  ( s )
1200 ( s , b r ) 1210  ( s ) 1210  ( v s , b r )
1070 ( s ) 1 0 5 8  (m )
1 0 4 0  ( s ) 10 3 5  ( s ) 1 0 3 5  ( s )
1 0 2 5  ( s ) 1015  ( s ) 1 0 2 9  (m)
1000 ( s ) 9 9 8  ( s )
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Table 2.9 continued.
(ClPNBut)2 (JfePNBu11),,V. c. (BuI1FNBttt)2 (MegNPNBu1^
975 (s) 972 (s)
935 (s) 925 (m) 925 (m) 923 (w)
905 (s) 890 (s) 890 (s) 897 (m)
870 (s) 866 (s)
819 (m) 850 (s)
810 (m) 805 (w)
790 (m) 790 (m) 792 (m)
765 (m)
735 (m)
690 (m) 688 (m)
655 (m) 659 (s)
61-5 (m)
575 (m) 596 (m)
530 (m)
190 (s) 1.80 (m)
1.35 (m) 1-35 (s)
395 (s)
In contrast reaction with LiBu11 Droceeds smoothly to 
give (BunPI'.3u*')2> in reasonable yield, as a straw coloured 
viscous liquid. One singlet at -178.82 d  ppm in its 
51P.N.M.R. spectrum confirms replacement of both chlorines.
Further evidence is provided by its mass spectrum which
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exhibits the parent ion at 318 ( (Bu^NBu*^ = 318).
High yields of (Me^PhUu^Jg were obtained provided excess
HNUe2 was used to remove the HC1 evolved as amine hydrochloride.
Replacement of both chlorines is confirmed by the mass spectrum,
the highest 5  value (292) corresponds to the parent ion
(Me^IPHBu^Jg j+ . Before heating the product in benzene, it
exhibited two singlets (-182.7 and -91.8<jppm) with relative
intensities 3:2 in its ^P.N.M.R spectrum. On heating the
intensity ratio of these peaks changes to 1:6. This is due
to the formation of cis- and trans-isomers, the kinetically
favoured isomer being converted to the thermally favoured
isomer on heating. This has been studied by Bulloch et a l , ^  
who prepared a series of 2,1 diamino 1,3,2,1 diaza-
diphosphetidines, many of which exhibited 6eometrical isomerism.
Replacement of chlorine for less electronegative groups 
result in the ^P.H.M.R. resonances moving upfield, eg PCl^:
- 219, PhPCl2 : -162, Ph2PCl: -81, Ph3P: -6 <5ppm. This trend 
is reflected in the ^1P.N.M.R. spectra of the 1,3,2,1- 
diazadiphosphetidines prepared (Table 2.8). The mass spectra 
of the rings (:(PNBut)2 (X =Cl,Bun and Nl!e2) contain peaks 
corresponding to retention of the ring structure and to the 
monomer (XPIvBu*'). The latter is increasingly stabilized in 
the series Cl <  Bun<  (Table 2.10)
Table 2 .10  P ela tiv e  intens-j 1 ±es o ;  se lec ted  ions in  the mass
spectra of the 1,3,2,.t diazadiphosphetidine (XPK3u^)q _ 
(X= Cl, Bup and Me^N).
Ion X=C1 X= 3un X= i:e2b
(XP~ KBut)+ 5 16 u
But
* p < % *
IN
But
33 6 38
But
X P \  >  nNT
But
59 60 80
But
N'
But
36 30 16
(P=iTr>ut)+ 30 36 16
1--
--
--
-1
1
w c C+
- +
I__
__
__
_
i
100 100 100
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The 1,3,2,1 diazadiphosphetidines are potential G- donors 
to metal centres via tne lone pairs of electrons of both the 
phosphorus and nitrogen atoms. Phosphorus donors are 'soft' 
Lewis bases and consequently are expected to p3eferentially 
form complexes with 'soft' Lewis acids. ..hereas nitrogen 
donors ore 'hard' Lewis bases and ere exoected to prefer 
’hard' Lewis acids. 'Soft*Lewis acids tend to be metal ions 
of the heavier transition metals, and in lower oxidation states 
such as Ag(I), Pt(II), Hg( I), Fe(0), IvIn(O). ’Hard'Levis 
acids are generally metal ions of alkali metal, alkaline 
earth metals and lighter transitions metal in higher oxidation 
states such as Ti(IV), Cr (III), Mn(II), U(IV). Reactions of 
the 1,3,2,1 diazadiphosphetidines with various metal ions 
were studied in an attempt to obtain examples of both types of 
coordination behaviour.
2Bi Reaction of 1.3. di(tert-butyl) 2,1 dichlcro 1.3.2.1. 
diazacinhoschetidine with titanium (IV) chloride.
TiCl^ is a 'hard' Lewis acid and might be expected to 
promote coordination via the rin^ nitrogen atoms. Direct 
addition of (ClPNBut)2 to TiCl^ in hexane resulted in 
immediate precipitation of an extremely air-sensitive orange 
solid (I). One sharp methyl resonance (1.275ippm), little 
shifted from that of the free ligand (1.1-1 rfppm), in its 
1H.N.M.R. spectrum and one broadened signal (20c?ppm), to 
highfield of the uncoordinated ligand (-207.9 6 ppm), in
2B Coordination behaviour of 1 ,3 ,2 ,1  d iazad ip h osp h etid in es.
- H  -
its ^1P.N.1£.R. spectrum indicate bidentute phosphorous bonding. 
Analytical data confirms a 1:1 complex, formulated as the 
six-coordinate cis-complex [TiCl^ { (ClPiiBu1')^] (A).
A
The low infra-red spectrum shows one stronfc, clearly 
multiple band in the 360-31-5 cm-1 region, consistent with 
a six-coordinate Ti (IV) species.^ The band at 135 cm”1 
is assigned to a (Ti-P) stretching mode; c.f. -v(Ti -P) 153 
and 111 cm"1 for [TiCl^iPhgPiCH^PPhg)] ,183
Phosphorus donatio:, in this case is somewhat surprising, 
presumably the bulky Bu* groups sterically hinder donation 
via the nitrogen lone pairs. Further the planarity of the 
ring nitrogens suggests delocalization within the ring 
reducing donor ability.
In contrast to amine complexes, phosphine complexes of 
Ti (IV) are rare, »ith the monodenteie phosphines, PR^, red 
complexes [TiCl^(PRj)2 ] (R=Et, Ph) and [TiCl^PR^)) (R=l!e, Ph) 
have been prepared.183"18  ^With the bidentate phosphines,
(R2P (CH2)nPR2) (R=Me,Et,n=2) and (EtgP (C6H^)PEt2),
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,,ith bis (dighenylchos-
phino) ethane (dpe), varying ratios of starting materials
gives an eight-coordinate complex [TiCl^dmb^l.
Allthese complexes were extremely moisture sensitive
prohibiting extensive investigations so that comparative
physical data is scarce. The general method of preparation
solution of the ligand in stiochiometric ratios. ,Vith our 
system, use of benzene (and most other common organic solvents) 
gave oily intractable products. Only with n-hexane v/as 
a solid product precipitated. The high instability in 
solution of the adduct made N.M.R. data collection difficult 
but this was minimized by collecting spectra of fresh solutions 
as rapidly as possible after preparation. This instability 
may be due, not only to hydrolysis, but also to rearrangement
reaction of 1,3,2,1 diazadiphosphetidines with sn-Jl^ , PCl^ 
and dbC]^ leads to formation of 1,3,2,1 diazadicnosphonium-
phosphptidines and the anions ¿nCl^~, ^1“ and -bol, “
gave three products, 1^3,K8 [ (TiCl^(dpe)], [(TiCl;, )9 (dpe)] and 
[ (TiCl, ),(dre),].1,2 bis (dinethvlnhosrhino) benzene (¿mb)
'*■ J “ 1,0(1
was sioc. adcition of a benzene solution of TiCl^ to a benzene
solution
1 35Allied work by Scherer and Schnable has shown that
respectively. «iith SnOl. , a 1:1 adduct was formea which
K •
decomposed in CH2C12
(KePNBut)2 + SnCl^---- MSnCl^OtePHBu1)^]
|c h 2c i2 
A  n +Cl Bul
\
/ P\  / P‘Me 
Me h '
But
SnCl3-
This 1:1 SnCl^ adduct was proposed to have the ring coordinated 
via the two nitrogen atoms since:-
a) ¿CHjP occurs in the range expected for lie bonded to
tri-coordinate phosphorus.
ob) JDU was found to be less than that obtained for thern
four-coordinate phosphorus atom in the 1,3,2,L~ 
di h 28 di phos ph oni umphos phetidines.
c) Blocking the phosphorus atoms by using the dithio 
derivative still gave a 1:1 adduct.
(He (S)PNBut)2 + SnCl^-- »[SiiCl^  ( (KeCSjPNBu1)^]
In the latter case coordination via the sulphur atoms is deemed 
just as likely and without P.N.K.R. evidence their formulation 
can only be speculative. In the light of our results with
TiCi, and bearing in mind tne similar behaviour exhibited4
by TiCli and EnJl, ( both are considered to be 'hard' Lewis A 4
acids; similar ionic radii, £n^+ = 0.71, l A += 0.68? and 
octahedral covalent radii, Sn(IV) = 1.L5, Ti(IV) = 1.36A )
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it seems more likely that the (PN)g ring will function as a 
bidentate phosphorus donors in these cases as well.
2Bil Reaction of 1,3 di(tert-butyl) 2,1. bis (dimethy lamino)- 
1,5,2,1. diazadlphosphetidlne with titanium (IV) chloride,
XI
The P.N.M.R. spectrum of the free ligand shows the 
existence of cis- and trans- forms in solution, with two singlets 
at -182.7 and -91-.8 ¿ppm, relative intensities 1:6 The olive 
green, very air-sensitive TiCl^ complex (II) similarly exhib­
ited two sharp singlets in its P.N.M.R. spectrum (Fig 2.6) 
at -83.53 and - 6.95 <5ppm, relative intensities 3:4. Donation
via one phosphorus and one nitrogen atom is thus ruled out
31 31since a pair of doublets resulting from P - P  coupling 
of the inequivalent nuclei are not observed. The large 
upfield shifts recorded suggest phosphorus rather than 
nitrogen donation. This is supported by little change in 
the chemical shifts of the n-Bu* and N-Me protons.
The low infra-red spectrum of the product contains 
absorptions at 360,31-5,320, and 285 cm-1 characteristic of 
octahedral (Ti-Cl) stretching modes.^ Bands at 1-20 and IDO cm~^ 
are also observed and are tentatively assigned to (TIP) 
stretching vibrations. For the cis-isomer, a structure 
analogous to that proposed for [TiCl^{ (ClPNBu^g}] may be 
envisaged (E). However for the trans-isomer the stereochemistry 
of the ring makes a similar arrangement unlikely and a polymeric 
complex with bridging rings seems more plausible (C).
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2Blii Reaction between 1.3 di(tert-butyl) 2.4 dichloro-
1.3.2.^ diazadiphosphetidine and molybdenum carbonyl complexes.
During our initial studies of the coordinating ability
1,3,2,1- diazadiphosphetidines, the reactions of Mo(CO)g and
l (nor-C^Hg) Mo(CO)J were the first we attempted. No consistent
or obvious result, however, could be obtained. In the middle
190of our studies Zeiss and Feldt reported the synthesis of 
molybdenum and chromium complexes in which (lle^iPIiSilleact s 
as a bidentate donor to two metal centres:-
2 [ (MeCN) M(CO)5 ] + (L:e2NPNSiMe3)2
I
(CO),M 3 NMe-
5 2
Me2N^  S m ( C 0 ^
Addition of (ClPNBut)2 to [(nor-C^Hg) Ko(CO)J
gave a red solution from which a pale brown solid (III)
could be precipitated with n-hexane. The -v-(C-O) region of
the i.r. spectrum of tne product contains four bands (2060(m)
2030(m) 1975(s) 19U)(vs,br) cm” ) consistent witn cis-
t > 63[Ko(CO)^l(ClPNBu )2)1 . The frequencies observed are 
comparable to those of analogous acyclic diphasphine der­
ivatives (Table 2.11)
Table 2.11 Infra-red data for some [}.!o(CO)^(L-L) complexes.
L - L t (C-O) (cm- 1 ) Ret
Ph2P(CH 2 )2PPh2 2 0 2 0 ( s ) 1919 ( s ) 1907( v s ) 1681 ( s ) 189
P h 2?G n 2?P n 2 2 0 2 0 (s ) 1 92 0 (sh ) 19 0 7 (v s ) 16 7 9 (s ) 189
I.rePhP(CH2 ) 2P i 'h 2 2023(m ) 1930(a ) 1 9 0 U s ) 1901 ( s ) 190
E t ?h P (Œ ‘.2 ) 2PPh2 2020(m) 1927(a) i 9o e ( s ) 1 9 0 1 (s ) 190
(PPhg ig .W e 2025 1933 1912 1907 191
2 I (MeCN) M(C0)51 + (l'e2N?NSiMe3)2
1
(CO)5 M 
M?2 N
SiMe-s KBul
2 0.:=Yo, Cr)
Addition of (ClPI\'But)2 to [(nor-C^Hg) Uo(CO)J
gave a red solution from which a pale brown solid (III)
could be precipitated with n-hexane. The v(C-O) region of
the i.r. spectrum of tne product contains four bands (2080(m)
2030(m) 1975(s) 19l-0(vstbr) cm-1) consistent with cis-
t 63 .
(Ko(CO)^UClPNBu )2j] . The frequencies observed are 
comparable to those of analogous acyclic diphasphine der­
ivatives (Table 2.11)
Table 2.11 Infra-red data for some U f.o(C0)^(L-L3 complexes.
L-L 4 0 1 o (cm-1 ) Ref
Ph2P(CH2)2PPh2 2020(s) 1919(s) 1907(vs) 1881 (s) 189
PhpFCHpPPhp 2020(s) 1920(sh) 1907(vs) 1679(s) 189
liePhP(CE2)2PPh2 2025(m) 1930(m) 190Ms) 1901 (s) 190
EtPhP(CK2)2PPh2 2020(m) 1927(m) 1908(s) 1901( s ) 190
(PPh2)2NTe 2023 1933 1912 1907 191
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The shoulder observed (1900cm-^) in our complex may be due to 
the slight lowering of the symmetry from the regular octahedral 
arrangement in the solid state necessitated by the steric 
constraints of the ligand as found in [Mo(CO)^ \ (PHgP^CHg}] 1 
Analytical data is consistent with [Ko(CO)^{ (ClPI'iBu^ )^ }] ~ 
.n-hexane; ie n-hexane present as solvent of crystallisation. 
Unfortunately no reliable 1H or ^1P.H.!£.R. data could be 
obtained to confirm this formulation. On the basis of our 
limited data and the pattern of coordination behaviour of 
these rings revealed by our study, the structure proposed 
involves the (P-K)^ ring as a cis-bidentate phosphorus donor. (D)
2Biv. Direct use of Mo(C0)g yields two products largely a 
brown solid (iv) and trace amounts of a black solid (V).
The brown solid (jy) exhibits a single resonance in its 
31P.N.M.R. spectrum at -8.OS dppm, the large upfield shift 
from that observed for the free ligand indicating donation via 
both phosrhorus atoms. The 1*C.N.M.R. spectrum contains two 
resonances (231-.2 -I8.2<5ppm). (RB. the convention for 13C.N.K.R. 
spectra is the reverse of that for 51P.N.K.\.so that + values 
occur to low field of the TMS reference signal.) For moly­
bdenum carbonyl complexes, ^C O  shemical shifts have been
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C 193observed at 200 ¿ppm. ^  This is in agreement with our 
intrepretation that , for our complex, the signal at 234-.2 
cf ppm is due to 1^C0 and that at -18.2 cJppm to ^ ( C H ^ ^ C  
(cf the value of 30.32 S ppm for the free ligand). A resonance 
due to C(CHj)jis not observed, not surprisingly as the 
lack of directly bound protons means there is no nuclear 
overhauser enhancement. The resonances show the expected 
downfield shift from the parent carbonyl; compare with data 
for similar molybdenum complexes (Table 2.12).
Table 2.12 ^C.N.M.R. data for molybdenum hexacarbonyl and
selected derivatives.
Complex 6 13cocis
( 6 ppm; ref TMS) 
trans
Mo (C0)6 202.2
[Mo(C0)5t?(0!Ie)3)] 206.1. 209.2
[Mo(C0)5(PPh3)] 206.5 211.0
trans-[Mo(C0)^{P(0Me)3] ^ 210.3
cis-tMoCCOjj^iPhgPCHg)^ 210.6 218.5
From the data available it is not possible to discern between 
a cis-bidentate coordination to a Mo(CO)^ unit (E) or a bridging 
mode to two Mo(C0)5units (F).
COCl* \ 
^ V p-•v
N \
/Bu1
Cl
, Mo 
CO 
E
CO
CO
B u
I
N
,t
CO fO C ‘ / N \ / C' c o
\ l  ^ PC  /  \  i / co
Mo N Mo
c o ^ | x co ¿ ut CO^| ^CO
CO CO
The black solid (V) shows a much simpler sr( GO ) stretching 
pattern (1965(m) 1860 (v.) cm-1) than the other products. This 
could be due to coordination of two (P-K)^  rings, giving 
[ Ko(C0)2t(ClPKBu*^} 2  ^~ "the cis-isomer of which is predicted 
to ¿;ive two i.r. active (C-0) stretching bands (/^  +
However the expulsion of carbonyl groups by tervalent phosp­
horus compounds proceeds sterv.ise with increasing difficulty, 
since as the carbonyl groups are replaced the strength 
of the remaining Y-C bonds increases due to enhanced (H-Ott 
bonding resulting from substitution by ligands which are better 
cr-donors but poorer ^-acceptors than CO. Tertiary phosphines 
readily replace two carbonyls, the more electronegative
phosphines may replace a tnira ana in some cases a fourth
1 91carbonyl group (Table 2.13).
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Table 2.13 Some phosohine derivatives of Molybdenum carbonyls.
Compound Reaction Conditions
[Mo(CO)^ (St2?CH2)2 ] A23-A33K for 6 hours
[Mo(CO)^ (Ph2PCH2)2 l (a) 1.23K for 5 hours followed by
AA3K for V hours.
[ Mo ( CO ) 3 ( PhP {(CH2 ) 2??h2) 2 )] 1.23K for 1 5 hours.
cis-[Ko(C0)2 (?h2PCH2)2] Mixture of (a) and xs diphosphine
583-593K for 60 hours.
Dicarbonyl derivatives have only been prepared under forcing 
conditions and thus this interpretation is only speculative.
2Bv Reaction of 1.3 di(tert-butyl) 2.K dichloro 1.3.2.4. 
diazadiphosphetidine with dimanganese decacarbonyl.
The interaction of acyclic diphosphines with ::n9(CC)^n 
has been shown to give a wide variety of products under varying
c o n d i t i o n s ^ ( T a b l e  2.1 A).
Not surprisingly the reaction of MngiCO)^ and (ClPN3u^)2
gave a mixture of products and only one of these [ Mn(CO) — 
{(ClPNBu^OgJglwas positively identified. A variety of solvents,
typically benzene, hexane, T.n.R. and p-xylene, and variable 
stiochiometry (1:1 ,1:2,1:xs) were tried (see experimental 
section for typical example). In all cases mixtures were 
obtained which proved very difficult to separate. Although 
column chromatography gave some degree of separation,-the
resultant fractions were impure mixture as confirmed by N.M.R.
-  93  -
Table 2.12^  Various products from the reaction of acyclic 
diphosphines with Mn^(CO)^q
Ligand
L
Mn2(CO)10:
L
Conditions Product Type
dpe* 1:5 Irradiated 2 hours in 
benzene
[Mn(CO)L2]
dpe 1 :xs Reflux in dimethoxy- (KniCO)^].
4 ethane [Mn(CO)5]
dpe 1:1 Irradiated 3 hours in 
benzene
[Mn(CO)jL]
dpm* 1:2 Refluxed 2 hours in 
n-decane
[HMn(CO)3Ll
dpm 1 :2 Refluxed K hours in 
p-xylene
t Mn2(CO)5L2]
dpm 1:2 Refluxed 2U hours in 
benzene
[Mn2(CO)6L2l
dpm
dpe
1:1 Refluxed 8 hours in 
benzene
[Mn2(CO)gL]
*dpe = 1,2 bis (diphenylphosphino) ethane
fdpm = 1,2 bis (diphenylphosphino) methane
The white product (VI) [ Mn(CO)f (ClPXBu^Jgj precipitated 
from p-xylene and was purified by repeated recrystallisation 
from T.H.F.
The tendency for transitionmetal complexes in low oxidation
states to form stable covalent bonds with hydrogen is so great
- 9i
that hydride containing metal carbonyls have sometimes been
formed unexpectedly, hydrogen having been abstracted from the
solvent or the ligand, eg:-
p-xylene
realistically there can be no analytical distinction between 
[Mn(CO) {(ClPNBu1) ^  ^  and the hydride [HMn(CO) |(ClPNBut)2] ^  
and it is possible that our product may have the latter 
formulation. However no spectral evidence - neither an 
!«'n-K resonance in the 1H.N.ii.R. nor a v(Mn-H) stretching 
mode in the infra-red - can be located. The viC-O) and 
v(P-H) region of the i.r. spectrum contains one medium 
band (1920cm-1) assigned to the (C-0) stretching mode of the 
single carbonyl group, there is some evidence for a second 
band (1870cm-1) but it is extremely weak. A’he CHj proton 
resonance appears as a very broad signal poorly resolved at 
1.0 6 ppm supporting the proposed five-coordinate paramagnetic 
structure (G).
*Mn2(C0)1Q + 2Ph3P r e f l u x [HMn(CO)3(Ph3P)2 ]
G
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A lth o u g h  r e l i a b l e  ^ 1P .N .M .R . d a t a  c o u ld  n o t  b e  o b t a i n e d ,  by 
a n a lo g y  w ith  th e  o t h e r  c o m p le x e s  o b t a in e d  i t  i s  p r o p o s e d  t h a t  
th e  (P -N >2 r i n g  a c t s  a s  a  b i d e n t a t e  p h o sp h o r u s  d o n o r  i n  t h i s  
c a s e  a s  w e l l .  The i . r .  ban d  a t  1.65 cm-1  i s  t e n t a t i v e l y  
a s s i g n e d  t o  '»•(Mn-P) s t r e t c h i n g  m ode.
2 B v i R e a c t io n  o f  1 . 5 .  d i ( t e r t - b u t y l )  2 . A. d i c h l o r o  1 , 3 . 2 . 1
d i a z a d i p h o s p h e t i d i n e  w ith  d i i r o n  e n n e a c a r b o n y l .
200
C o t t o n  e t  a l  h a v e  d e m o n str a te d  t h a t  when F e g iC O jg  i s
d i s s o l v e d  i n  T .H .F .  th e  r e s u l t i n g  " s o l u t i o n "  i s  v e r y  r e a c t i v e .
The t r u e  n a t u r e  o f  t h i s  " s o l u t i o n "  h a s  n o t  b e e n  e l u c i d a t e d
b u t  i s  th o u g h t  t o  c o n t a i n  s p e c i e s  su ch  a s  [F e (C O )^ . THF]
when a  CO a tm o sp h e re  i s  m a in t a in e d .
F e 9( C 0 )Q +  THF 1 a t ° OS< C°t F e (C O ) . +  [F e (C O ), .THF]
£ y 300K 0 4
lF e (C 0 )^ .T H F ]  + L  ------- ► lF e ( C 0 ) i L l  +  THF
The r e a c t i o n  sy s te m  i s  o b v io u s ly  m ore c o m p le x  th a n  im p l ie d  by
t h e s e  e q u a t i o n s ,  s i n c e  w ith o u t  a  CO p r e s s u r e  s u b s t i t u t i o n
p r o d u c t s  o f  F e 2(C 0 )g  i t s e l f  c a n  b e  o b t a i n e d .  D ep en d in g  on
r e a c t i o n  c o n d i t i o n s ,  v a r y in g  r e l a t i v e  am ou n ts o f  t h r e e  m ain
t y p e s  o f  p r o d u c t  h ave  b e e n  i s o l a t e d .  W ith a  p a r t i a l  p r e s s u r e
o f  CO th e  m ain  p r o d u c t  i s  a m o n o n u c lea r  s p e c i e s .  W hereas
w ith  an  i n e r t  g a s  f l u s h  d i n u c l e a r  s p e c i e s  a r e  p r i m a r i l y  fo r m e d .
I n  b o th  c a s e s  s m a l l  q u a n t i t i e s  o f  p o ly n u c le a r  s p e c i e s  c a n  b e
o b t a in e d  ( T a b le  2 .1 5 )
I n  many c a s e s  a d d i t i o n  o f  N ,0 ,P  o r  S  d o n o r  l i g a n d s  g i v e s  
m e ta l  c o m p le x e s  o t h e r w is e  d i f f i c u l t  to  i s o l a t e .  F o r  e x a m p le  i n  
th e  p r e s e n c e  of p y r id in e  o r  p y r a z in e ,  w ith  a CO a tm o sp h e r e  t h e  
a m in e  d e r i v a t i v e s  lF e (C 0 )^ L l  (L = p y , p y r )  w ere  i s o l a t e d ,  202 th e


f i r s t  o f  th e  c l a s s  [F e (C O )^ (A m in e)] ( e x c e p t  f o r  Am=NHj, w hich 
h a s  b e e n  p r e p a r e d  b y  r e a c t i o n  o f  h y d r o x y la m in e - o - s u lp h a n a t e  io n  
w ith  t h e  iF eH (C O )^ ] a n io n 2 0 2 !. U n der s i m i l a r  c o n d i t i o n s  b u t  
w ith o u t  a  CO a tm o sp h e r e  F e 2(C O )g r e a c t s  w ith  2 , 2 '  . b i p y r i d y l  t o  
a f f o r d  a  b i n u c l e a r  c o m p le x , [ F e 2 ( C 0 ) ^ ( b i p y ) l .  T h i s  com pound i s  
o f  i n t e r e s t  s i n c e  i t  c o n t a i n s  one h i g h l y  u n s y m m e tr ic a l  b r i d g i n g  
c a r b o n y l  g r o u p , d e f i n e d  b y  C o t to n  a s  a " s e m i - b r i d g i n g  c a r b o n y l  
g r o u p ”  ( S . B . C . O ) .  A c r y s t a l  s t r u c t u r e  d e t e r m in a t io n  o f  t h i s  
co m p lex  h a s  shown t h a t  th e  2 , 2'  b i p y r i d y l  g r o u p  i s  b o u n d  t o  o n e  
m e ta l  o n l y .  S in c e  th e  n i t r o g e n  b a s e  r i n g s  a r e  e x c e l l e n t  
o '- d o n o r s  b u t v e r y  p o o r  x - a c c e p t o r s ,  t h e r e  i s  c o n s i d e r a b l e  
b u i ld  u p  o f  e l e c t r o n  d e n s i t y  on t h i s  i r o n  c e n t r e .  One e f f e c t  
o f  t h i s  i s  t o  d i s t o r t  th e  b r i d g i n g  CO g r o u p  ( F i g  2 . 7 ) .
I n  th e  r e a c t i o n  o f  (C 1 PNBu *)2 w it h  F e2 (C O )g  i n  T . H . F . ,  
u n d e r  a n  a tm o sp h e r e  o f  CO g a s  th e  e x p e c t e d  m o n o n u c le a r  c o m p le x , 
[ F e (C O ) j  { (C lPN But ) 2\ ]  w as o b t a i n e d .  I n  th e  d e g a s s e d  s y s te m  
th e  b i n u c l e a r  co m p lex  [ F e 2 (C 0)^  { (C lP N B u ^ Jg ll w as fo rm e d  
p r e f e r e n t i a l l y .  T r a c e  am ou n ts o f  a  t h i r d  p r o d u c t  w ere  o b t a in e d  
in  b o th  e x p e r im e n t s ,  p r e su m a b ly  c o r r e s p o n d in g  t o  C o t t o n ' s  
p o ly n u c le a r  s p e c i e s  b u t  c o u ld  n o t  be f u l l y  c h a r a c t e r i z e d .
The cream y  brow n m o n o n u c le a r  p r o d u c t  ( V I I )  sh ow s t h r e e  
m a jo r  i . r .  b an d s i n  th e  v (C O ) r e g i o n ,  ( 2 0 0 0 ( s )  1 9 5 5 ( s )  1 9 2 5 ( s )
cm- 1 ) w ith  an  a d d i t i o n a l  weak b an d  a t  2050 cm“ \  c o n s i s t e n t  w ith  
a  f i v e - c o o r d i n a t e  g e o m e try  ^ ( e x c e p t  a  t r a n s - t r i g o n a l  b ip y r a m id  
The e q u i v a l e n t  B u *  g r o u p s  g i v e  one p r o t o n  r e s o n a n c e  (1 .3 3 < ip p m ), 
l i t t l e  a l t e r e d  fro m  t h a t  o f  th e  f r e e  l i g a n d .  I n  c o n t r a s t  th e  
^ P .N .M .R .  sp e c tr u m  c o n t a i n s  a s i n g l e t  a t  much h i g h e r  f i e l d
Fig. 2.7 Structure of [ Fe2 (CO)7 b i p y ] .
Fig. 2.8 St ructu re  of [ F e ^ C O ^ P ^ P C ^ P P h ^ .
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( 10.^6 dppm ) th a n  th e  u n c o o r d in a t e d  l i g a n d .  B i d e n t a t e  ph osp h o ru s 
c o o r d i n a t i o n  i s  th u s  I n f e r r e d .
The d lp h o s p h in e  a n a l o g  [F e (C O )^  { (P h 2P ) 2CH2) ] i s  a  f l u x i o n a l  
m o le c u le  w hose a c t u a l  s t r u c t u r e  l i e s  b e tw een  th e  i d e a l i z e d  
t r i g o n a l  b i p y r a m i d a l - r e c t a n g u l a r  p y ram id  g e o m e t r ie s  w ith  a l l  
t h r e e  c a r b o n y l  g r o u p s  n o n - e q u i v a l e n t .  A s i m i l a r  s t r u c t u r e  
i s  p r o p o se d  f o r  [ F e ( C 0 ) j  { (C lP N B u ^JgD w ith  t h e  (P -N )2 a s  a  
c h e l a t i n g  b i d e n t a t e  p h o sp h o r u s  d o n o r  ( H ) .
CO
U n f o r t u n a t e ly  a low  te m p e r a t u r e  N .M .R . s t u d y  c o u ld  n o t  be 
u n d e r ta k e n  t o  i n v e s t i g a t e  any  f l u x i o n a l  c h a r a c t e r i s t i c s  f o r  
t h i s  m o le c u le  due t o  i t s  v e r y  low  s o l u b i l i t y  i n  s u i t a b l e  
s o l v e n t s .
2 B v i i  W ith  r e f e r e n c e  t o  [ F e 2 ( C 0 ) ^ ( b ip y ) ] a n d  [Fe2 (C O )_ (P h 2P ) 2CHi  
( F i g .  2 . 8 )  i t  i s  e v id e n t  t h a t  b o th  b r i d g i n g  an d  c h e l a t i n g  
fo rm s  a r e  p o s s i b l e  f o r  t h e  b i n u c l e a r  p r o d u c t  ( V I I I ) .  I n  th e  
l a t t e r  c a s e  a s e m i- b r id g in g  c a r b o n y l  g ro u p  w ou ld  b e  e x p e c te d  
and th e  a b s e n c e  o f  a 'r (C -O ) b an d  a t  1 8 5 0 cm "1 s u g g e s t s  t h i s  
u n l i k e l y .  The com plex  e x h i b i t s  s i x  b an d s ( 2100( s )  2 0 1 7 ( s )
1091( 5) 1960(s ) 1 9 2 5 ( b ) cm "1 ) in  th e  v (C - O ) t e r m in a l  s t r e t c ­
h in g  i n f r a - r e d  r e g io n  an d  one b an d  (1 7 1 5 (w ) cm 1 ) i n  th e  •<KC-0)
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b r i d g i n g  r e g i o n .  T h i s  i s  i n  a c c o r d a n c e  w ith  t h a t  p r e d i c t e d  
f o r  t h e  b r i d g i n g  fo r m . ^ P .N .M .R .  e v id e n c e  i n d i c a t e s  
b i d e n t a t e  p h o sp h o ru s  d o n a t io n  ( s i n g l e t ;  1 7 .0 8 < 5 p p m ), 
an d  t h e  p r o p o s e d  s t r u c t u r e  c o n t a i n s  th e  l i g a n d  b r i d g i n g  two 
i r o n  a to m s ( J ) .
a
co
co
Bu|t^  J3ut
Fer
CO-
Fe
CO
Cl
CO
CO
CO
2 B v i i i  R e a c t io n  b e tw een  1 . 3  d i ( t e r t - b u t y l )  2 . 4  b i s  ( d i -  
m e th y la m in o ) 1 . 3 . 2 , 2 .  d i a z a d lp h o s p h e t i d i n e  an d  d i i r o n  
e n n e a c a r b o n y l .
R e a c t io n  (M egN PN B u^g w ith  F e 2 (C 0 )g  i n  a  d e g a s s e d  sy s te m
r e s u l t e d  i n  t h e  f o r m a t io n  o f  i n s e p a r a b l e  m ix t u r e s  o f  p r o d u c t s .
Colum n c h ro m a to g ra p h y  o f  t h e  m ix tu r e  g a v e  tw o f r a c t i o n s ,  th e
51P .N .M .R . o f  w hich i n d i c a t e d  t h a t  e a c h  c o n t a i n s  m ore th a n
on e com pound ( F i g  2 . 9 ) .  T h e f i r s t  a p p e a r s  t o  c o n t a i n  one
is o m e r  o f  t h e  u n r e a c t e d  l i g a n d  ( - 9 4 .6  ip p m ) a n d  a n o t h e r  s p e c i e s
w ith  e q u i v a l e n t  p h o sp h o ru s  a to m  ( - 1 2 3 . 7 6 p p m ). The o t h e r
31
f r a c t i o n  g i v e s  a  much m ore co m p lex  P .N .M .R . s p e c t r u m . I t  
a p p e a r s  t h a t  a  v a r i e t y  o f  p r o d u c t s  a r e  p r e s e n t ,  n o t  s u r p r i s i n g l y  
s i n c e  th e  e x o c y c l i c  n i t r o g e n  a tom s may a l s o  c o o r d i n a t e  and  th e
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stereochemistry of the two isomers may dictate formation of 
different complexes. In consequence, inspite of attempted 
separation by various methods, no single product could be 
isolated and characterized.
2Bix Reaction of 1,3 di (tert-butyl) 2.A dichloro 1,3.2.A- 
diazadiphosphetidine with dicobalt octacarbonyl.
Various complexes have been isolated from the reaction 
of Co2(C0)g and diphosphines, depending on the reaction 
conditions. At low temperatures, in both polar and non­
polar solvents, ionic complexes, eg:- rCo2(CO)^(dpe)3 1 ^ +—
2 100(00)^1“ and (Co(C0)3(dpb) 1+ [Co(C0); l~ (dpe= (Ptyp^CHgJg 
and dpb= (Ph2P)2(CH2)^), are formed. Higher temperatures
favour covalent complexes such as [Co2(C0)^(dpe)2l and 
[Co2(C0)g(dpb)l ,198,212-215 goth types of complex tend to
be unstable, decomposing on storage in the solid state. On 
the basis of i.r. data, various isomers may be proposed for 
each of these examples, those with bridging carbonyl groups 
being considered as derivatives of the bridged form of Co2(C0)g.
Reaction of (ClPNBu^)^ and Co2(C0)g gave two products.
At ambient temperature a mixture of a dark brown, hexane 
soluble, product (X) and an insoluble green solid (IX) formed.
At 323K only a dark brown solid, identical to the former, 
was obtained. The green product was unstable at R.T., 
decomposing on pumping to remove solvent. Consequently only 
limited data could be collected. Infra-red evidence confirms 
the presence of CO groups (2070(w), 2005(s) cm“1) but,
could be located.
The brown product (X) exhibits three main i.r. bands in 
the v(C-O) terminai stretching region (2070(w) 20U)(w)
2000(vs) cm-1). No bands assignable to bridging CO groups
were observed. A possible structure, consistent with this data 
is that a ligand bridged polymer (K). (cf the structure proposed 
for tCo2(C0)6(dpb)] 212).
although analogous systems might suggest this was an ionic
-  -1 212complex, no band due to the anion [Co(CO)^]- ( 1885 cm )
K
Such a structure would give rise to one carbonyl absorption.^ 
Phosphorus donation is tentativively proposed since the 1H.N.M.R. 
spectrum shows a slightly broad singlet (1.30 <5 pmm) little 
shifted from that of the free ligand. This complex is also 
unstable at R.T. over long periods, decomposing slowly to a 
turquoise solid, preventing chemical analysis.
2Px. Reaction of 1.3 di(tert-butvl) 2.1 dichloro 1.3.2.1 
diazadiohoshetidine with tetrscarbonvl di-y^-- chloro dirhoaium. 
Treatment of Rl^C^iCO)^ with (ClPNBu^) in hexane gave a
Chemicalyellow solid (XI), [RhCl(CO) j (CIPN-Bu1) ^  . 
analysis supports this formation but low solubility in 
suitable solvents prohibited a molecular weight determination.
The room temperature ^P.N.M.R. spectrum of the complex 
exhibits two resonances (-11.506, 6.257 ¿ppm), slightly broad­
ened (width at half height is ~60Hz), of equal intensity, 
indicating phosphorus donation. The ^H.N.K.R. spectrum consists 
of a singlet (1.65 ¿ppm) shifted slightly upfield from that 
of the free ligand. Infra-red data confirms the presence of 
carbonyl groups (2020(s) 2005(w) cm ) . Two structures are
possible for this complex, a monomeric species (I), analogous
to [j?h2P(CH2)2PPh2 ( . RhCl(CO)] 216,217 or a dimeric structure
(M)such as found for [|Ph2ECH2EPh2 } .RhCl(C0)l2
/—, , . 218,219 (E=As and P). * But.
Cl C l ^  .
b J O k  / c °
tx Rtv
b J-' C1
Cl
\s<*
Rh
r  co
R h ^
c i " c i ^  1
/
D
c r ' < K, Cl
Bu< V
L M
In the case of the monomeric structure (L), two inequivalent 
phosphorus atoms are present and a doublet of doublets is 
expected, due to P-Rh and P-?'couplings. In practice Jp_p .is 
relatively small, in the diphosphine complex [Ph2P(CH2)2PPh2~
RhCl(CO) ]Jp_p. is 3tr.z, and JRh_p 12k and 156 Hz for phosphorus
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t r a n s  t o  C l  a n d  CO r e s p e c t i v e l y . ^ 1 ^ The s p e c t r u m  o f  th e
co m p lex  i s  w e l l  r e s o l v e d  a t  223K  b u t  b r o a d e r  a t  room
t e m p e r a t u r e .  F o r  th e  d im e r ic  c o m p lex  (M ), o n e  d o u b le t  i s
p r e d i c t e d  f o r  th e  e q u i v a l e n t  p h o sp h o r u s  a to m s  s p l i t  by
c o u p l in g  w ith  rh o d iu m . I n  th e  s e r i e s  o f  d im e r ic  d ip h o sp h in e
c o m p le x e s  [P h g P iC H g ^ P P h g  R h C l( C 0 ) l2  ( n = 1 ,3 ,  a n d  4.) s p l i t t i n g s
217
o f  th e  o r d e r  o f  1 2 0  t o  1 3 0  Hz w ere  o b s e r v e d .  ' I t  i s  p o s s i b l e  
31
t o  i n t e r p r e t  o u r  P .N .M .R . d a t a  i n  two w a y s : -
a )  t h a t  s t r u c t u r e  ( L )  i s  a d o p t e d  b u t  a t  room  t e m p e r a tu r e  th e  
sp e c tr u m  i s  n o t  r e s o l v e d .  The p e a k s  a r e  s l i g h t l y  b r o a d ,  and  
th e  l a r g e  s e p a r a t i o n  b e tw een  th e  p e a k s  (1 7 *  7 6 3  <5ppm, 64-7.H z) 
seem s t o  b e  m ore i n  l i n e  w ith  t h a t  e x p e c t e d  f o r  th e  i n e q u i v a l e n t  
p h o sp h o r u s  a to m s th a n  w ith  J p h_ p S p l i t t i n g .  I n  [ PhgP ( CH2 ) 2PPh2~
R hC l(C O )] th e  two d o u b l e t s  o f  d o u b l e t s  a r e  s e p a r a t e d  by 2 1 .2  ppm.
b )  t h a t  s t r u c t u r e  (M) i s  a d o p t e d ,  '^ he s p e c t r u m  o b s e r v e d  i s  
due t o  th e  e q u i v a l e n t  p h o sp h o r u s  a to m s s p l i t  by rh od iu m  
c o u p l in g  ( - 2 .6 2 4 -  ppm; J Rh- p = 6 4 7 H t) I n  th e  l a t t e r  e x p la n a t io n  
^Rh P i s  unusually large» a n d  i n  c o n se q u e n c e  s t r u c t u r e  (L)
i s  f a v o u r e d .  T h is  i s  s u p p o r t e d  by th e  p o s i t i o n  o f  th e  c a r b o n y l  
s t r e t c h i n g  b an d  w hich  i s  a t  h ig h  f r e q u e n c y  (2 0 2 0  cm“ 1 ) com par­
a b l e  t o  t h a t  fo u n d  f o r  [ (P h g P iC H ^ P P h g )  R hC l(C O )] (2010cm - 1 ) 
W hereas t h e  d im e r ic  c o m p le x e s  a b s o r b  U )- 6 0  cm-1  lo w e r ,  e g : -  
[ P hgP iC H g)^P P h2 R h C l(C 0 ) ]2  a t  1951 cm- 1 .  Two b a n d s  a r e  
e x p e c t e d  f o r  th e  u n sy m m e tr ic a l  c i s - c h l o r o  i s o m e r  o f  (M) an d  
o n ly  one f o r  th e  t r a n s - i s o m e r  (M ). The i n f r a - r e d  d a t a  i s #
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t r a n s  t o  C l  an d  CO r e s p e c t i v e l y . ^ 1 ^ The sp e c tr u m  o f  th e
c o m p lex  i s  w e l l  r e s o l v e d  a t  223K b u t  b r o a d e r  a t  ro o m
t e m p e r a t u r e .  F o r  th e  d im e r ic  co m p lex  (M ), on e d o u b l e t  i s
p r e d i c t e d  f o r  th e  e q u i v a l e n t  p h o sp h o ru s  a to m s s p l i t  by
c o u p l in g  w ith  rh o d iu m . I n  th e  s e r i e s  o f  d im e r ic  d ip h o s p h in e
c o m p le x e s  [ P h ^ C H ^ P P h g  R h C l( C 0 ) l2 ( n = 1 ,3 ,  an d  1 .) s p l i t t i n g s
217
o f  th e  o r d e r  o f  120  t o  1 3 0  Hz w ere o b s e r v e d .  I t  i s  p o s s i b l e  
31
t o  i n t e r p r e t  o u r  P .N .M .R . d a t a  i n  two w a y s :-
a )  t h a t  s t r u c t u r e  ( L )  i s  a d o p t e d  b u t  a t  room t e m p e r a t u r e  th e  
s p e c t r u m  i s  n o t  r e s o l v e d .  The p e a k s  a r e  s l i g h t l y  b r o a d ,  an d  
th e  l a r g e  s e p a r a t i o n  b e tw e e n  th e  p e a k s  (1 7 *7 6 3  0 p p m , 6 1 7 .H z) 
se e m s t o  b e  m ore i n  l i n e  w it h  t h a t  e x p e c te d  f o r  t h e  i n e q u i v a l e n t  
p h o sp h o r u s  a to m s  th a n  w ith  J Rh_p s p l i t t i n g .  I n  [ P h g P ( CH2 ) gP P h g -
R h C l(C O )] th e  tw o d o u b l e t s  o f  d o u b le t s  a r e  s e p a r a t e d  by 2 1 .2  ppm.
b )  t h a t  s t r u c t u r e  (M) i s  a d o p t e d ,  The sp e c tru m  o b s e r v e d  i s  
d u e  t o  th e  e q u i v a l e n t  p h o sp h o r u s  a tom s s p l i t  by rh o d iu m  
c o u p l in g  ( - 2 .6 2 1 .  ppm; J Rh- p = £ l7 H s )  I n  th e  l a t t e r  e x p l a n a t i o n  
J Rh P i s  u n u s u a l l y  l a r g e *  an d  i n  c o n se q u e n c e  s t r u c t u r e  (L )
i s  f a v o u r e d .  T h is  i s  s u p p o r t e d  by th e  p o s i t i o n  o f  th e  c a r b o n y l  
s t r e t c h i n g  b an d  w hich i s  a t  h ig h  f r e q u e n c y  (2 0 2 0  cm“ 1 ) co m p ar­
a b l e  t o  t h a t  fo u n d  f o r  [(P h g P iC H ^ g P P h g ) R hCl(CO )] (2010cm - 1 ) 
W h ereas th e  d im e r ic  c o m p le x e s  a b s o r b  1 0 - 6 0  cm-1 lo w e r ,  e g : -  
[ P h p P iC H ^ P P h g  R hCl(CO ) 12 a t  1951 cm- 1 .  Two b a n d s  a r e  
e x p e c t e d  f o r  t h e  u n sy m m e tr ic a l  c i s - c h l o r o  is o m e r  o f  (M) and
OOQ
o n ly  one f o r  th e  t r a n s - i s o m e r  (M ). The i n f r a - r e d  d a t a  i s #
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t h e r e f o r e ,  c o n s i s t e n t  w ith  s t r u c t u r e  ( 1 ) .  V a lu e s  f o r  v ( R h - C l )  
i n  th e  r a n g e  350-250cm -  ^ i s  t y p i c a l  f o r  b o th  s q u a r e - p l a n a r  
an d  o c t a h e d r a l  c o m p le x e s ,  th e  p r e c i s e  v a lu e  d e p e n d in g ,  m a in ly ,
oon 0 0 1
on  th e  l i g a n d  t r a n s  t o  C l ,  * The b r o a d  i n t e n s e  b a n d  a t  
2 7 2  cm  ^ an d  i t s  a s s o c i a t e d  s h o u ld e r  a t  255  cm~^ * i n  t h e  
s p e c t r u m  o f  o u r  c o m p le x , i s  a s s i g n e d  t o  ^ ( R h - C l )  m odes.
The p i c t u r e  t h a t  h a s  e m e rg ed  fro m  o u r  s t u d y  o f  th e
c o o r d i n a t i o n  b e h a v io u r  o f  1 ,3  d i  ( t e r t - b u t y l ) 2 ,2 , d i c h l o r o  —
1 ,3 ,2 ,1 -  d i a z a d i p h o s p h e t i d i n e ,  i s  t h a t  p h o sp h o r u s  d o n a t i o n  i s
greatly preferred to nitrogen donation. This is seen as a
r e s u l t  o f  s e v e r a l  f a c t o r s  i n c l u d i n g
a )  The b u lk y  B u^ g r o u p s ,  s t e r i c a l l y  h in d e r  n i t r o g e n  d o n a t i o n .
b )  The d e l o c a l i z a t i o n  o f  th e  n i t r o g e n  lo n e  p a i r  i n t o  th e
available phosphorus 3d orbitals 1^2,113 ¿ecreases -¿he donor 
ability of the nitrogen atoms.
adds:; pul:.
In a very recent note , 3urckett St.Laurent et al have 
reported the preparation of a series of platinum and rhodium 
complexes incorporating 1,3,2,L diazaaiphosphetidines as 
both mono- (A) er>d bidentate (B)phosphorus donors.
The complex [CIRh { (FP..,But)2} ln reacted Quantitatively with 
carbon monoxide giving [RhCl(CO) { (FPIffiu*^] , the physical for 
which is apparently to be published later.
Group (VI) metal carbonyl complexes were also investigated, 
the major product, isolated irom complex product mixtures bein^ , 
[M(C0)c \ (FPNBuhg]] (K=Cr,Mo and V,).
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INTRODUCTION
As l a t e  a s  m id -1 9 7 3  t h e r e  w ere  no known am in e  s u b s t i t u t e d  
i r o n  c a r b o n y l  c o m p le x e s ,  w ith  th e  e x c e p t i o n  o f  [ F e (C 0 ) ^ (N H j) l  . 
M o re o v e r  t h i s  u n iq u e  ex am p le  w as p r e p a r e d  fro m  th e  r e a c t i o n  o f
t h e  h y d r o x y la m in e - o - s u lp h o n a t e  i o n  w ith  th e  iK F e (C O )^ ]-  
a n i o n : -  2 0 2 ,2 2 2 ,2 2 3
2-
[H Fe(C O )^] HgNOSOj [F e (C 0 )^ (N H 3 ) l SO1
Onlyw h ic h  c o u ld  n o t  b e  g e n e r a l i z e d  t o  a m in e s  a s  a  w h o le .
d i s p r o p o r t i o n a t i o n  ty p e  p r o d u c t s  w ere  fo r m e d  when v a r i o u s
221.—2 3 0i r o n  c a r b o n y l s  w ere  r e a c t e d  w ith  s e l e c t i o n  o f  a m in e s : -
5Fe(C0)5 + 6py----*[Fe(py)6]2+[Fe^(C0)13l2" + 12C0
Fe^iCO)^ g + 3o-phen---► [Fe(o-phen)3]2+[Fe2(CO)8l2"
+ ICO
2Fe(C0), + 
0
6NH3 + H20---->[Fe(HH3)6 l2+. 2[HFe(C0)^l~
+ CO + co2
lFe(C0)5 + 3G6 \ < M 2)2 —  iFe^C6H^(NH2)2}3 ]2+tFe3(C0^1]2‘
+ 9C0
The f o r m a t io n  o f  n o n - io n i c  a d d i t i o n  com poun ds o f  th e  t y p e  
[ F e ( C O ) a m i n e ] w ere  s u g g e s t e d  a s  p r e c u r s o r s  t o  th e  
c a r b o n y l f e r r â t e s ? ^ 1, 2 ^ 2 T h e se  a d d i t i o n  com pounds w ere u s u a l l y  
u n s t a b l e ,  d e c o m p o s in g  r a p i d l y  t o  g i v e  c a r b o n y l f e r r a t e s .  A
d e t a i l e d  s p e c t r o s c o p i c  i n v e s t i g a t i o n 233 o f  th e  r e a c t i o n s  o f
F e (C 0 > 3 w ith  p i p e r i d i n e  a t  room  t e m p e r a t u r e  i d e n t i f i e d  t h r e e  
d i f f e r e n t  p r o d u c t s .  The f i r s t  w as a  s p e c i e s  f o r m u la t e d  a s  
[ F e (C O )3 (C 3H1 0 NH)3 l w hich  w as s u g g e s t e d  t o  c o n t a i n  th e  
g r o u p in g  (A ). The a n io n  [F eH (C O )^ ]”  a n d  a  t h i r d  s p e c i e s
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II
o
A
s u g g e s t e d  t o  b e  I Fe(CO)^(C^H ^QNH) ] w ere  a l s o  i d e n t i f i e d ,  
th e  fo r m e r  w as t h o u g h t  t o  r e s u l t  fro m  h y d r o l y s i s  o f
[F e (C 0 )^ (C ^ H 10 H H )j]  b y  t r a c e  am ou n ts o f  w a t e r  i n  th e  a m in e .
The p r o d u c t s  o b t a i n e d  fro m  t h e s e  d i s p r o p o r t i o n a t i o n  
r e a c t i o n s  s e e m in g ly  d ep e n d  on  th e  c o n d i t i o n s  e . g .  r e a c t i o n  o f  
F e j ( C 0)1 2 w ith  e t h y le n e d i a m i n e :-
F e 3 ( C 0 ) 12 3?3K  > [ F e ( e n ) 3] [ F e 3 (C O )111 ^ 3K >
[ F e ( e n ) 3 ] [ F e 2 (C 0 )8 ] -----[ F e i e n ^ H F e i C O ) ^ ]
R e a c t io n  o f  i r o n  c a r b o n y ls  w ith  v a r i o u s  c y c l i c  a z o a lk a n e s
h a s  r e s u l t e d  i n  th e  i s o l a t i o n  o f  s e v e r a l  d i f f e r e n t  s u b s t i t u t i o n
235
s p e c i e s .  R e a c t io n  o f  1 - p y r a z o l i n e s  w ith  F e g iC O )^  y i e l d s  
i n i t i a l l y  ( B ) : -
i n  w hich  th e  c o o d in a t e d  n i t r o g e n  atom  o c c u p i e s  a n  a p i c a l  
p o s i t i o n  i n  th e  t r i g o n a l - b i p y r a m i d a l  g e o m e try  a ro u n d  th e  i r o n
atom. 'he geometry o f the ligand i s  not a lte re d  by complex-
236ation, ana with excess Fe2(Ca)0 the binuclesr complex (C) is 
formed. This is analogous to [/*-2,3-{.2,3 diazabicyclo[2,2,1] 
heptane]diyl-bis(tricarbonyl iron)]237»238 the structure of
which has been confirmed by a crystal and molecular structure 
determination.23^ here the two Fe(CO)^groups are linked by 
the two ligand nitrogen atoms through Fe-F-Fe bridges and 
also by an Fe-Fe bond. A F-N bon~ is retained in the complex, 
and its length is close to that expected for a single bond.
V'ith this ligand a third trinuclear complex (D) was also
• , . 210 isolated.
+Fe2(CO)9
Treatment of Fe2(G0)q with phthalazine gave (Fe(CO)^(phth)
2i1
(2) as the major product and a binucleer complex (F).
Compound (F) exhibits bridging ss well as terminal t (C-($) moo.^ s 
On heating (E) in benzene, or alternatively by reaction of 
phthalazine with Fe^CO)^ a third complex (£) was isolated, 
analogous to that of the 1-pyrazoline complex already mentioned
A. fifth type of complex is exemplified by the relatively 
unstable product (H) isolated at 203X from the reaction of
'dissolved' in T.H.F. at R.T., the resulting 'solution' was 
very reactive and could be used to prepare novel substition 
products previously unknown. It does not smear that this is 
a true solution in as much that little, if any, unchanged 
Fe2(C0)g is thought to be present. The course of the reaction 
seems to take different pathways depending on whether a carbon 
monoxide atmosphere is preserved above the solution or not
G
Me N ----- »Fe(CC%
,C + FepCCC)^ -- ■>
Me N ------>Fe(C0)4
H
found that Fe2(C0)^
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201(see also Chanter 2 section 23vi) It has been suggested 
that the immediate reaction, under a positive CO cressure:-
Fe2(C0)g + T.H.F.---- » Fe(C0)^(THF) + Fe(C0)5
Fe(C0)^(THF) , being very reactive, reacts with any donors 
present to give mono-nuclear products such as [Fe(C0)^py], 
approaching but not exceeding yields of 50* based on total 
iron. Triiron dodecacarbonyl is formed when no ligands are 
present, probably due to further reaction:-
3 (Fe(CO)^ (THF)]---- -Fe^CO)^ + 3THF
,?hen an inert atmosphere is maintained in the reaction vessel 
polynuclear species are obtained eg;[Fe^CO^PhgFCHgPPhg]f°6,207 
Although the exact nature of the species present in this 
tetranydrofuran 'solution', has not been elucidated, it has 
been utilized as a method of preparing new iron carbonyl 
complexes. In particular it facilitated preparation of the 
complexes [Fe(C0)^L] (L=py or pyr ),as the first neutral 
complexes of the type (Fe(CO),- Am ] (Am=Amine other than NH,).
The complexes were isolated on direct treatment of the Fe2(C0)g
/T.H.I. 'solution' with pyridine or pyrazine under a CO atmos-
201phere. The structures of the complexes are very similar, 
closely resembling the structure of Fe(CC)^ with the substitution 
of one of the axial carbonyl ligands by pyridine (Fig 3.1) or 
pyrazine molecule. The coordination of the iron atom is
trigonal binyramidal with the axial carbonyl trans to the 
pyridine 0” pyrazine having a shorter bond distance than the
average equatorial carbonyl bond distance.
a) Structure of [Fe(CO) py] showing the relationship of
4
the plane of the pyridine to the equatorial CO groups.
b) Structure of [Fe(CO) pyr].
4
Fig. 3-1 Structures of the mononuclear amine
complexes [Fe(CO).Am] (Am= pyridine and pyrazine).
4
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The structure persists in solution, as shown by three strong 
carbonyl stretching bands as predicted for a Fe(CO)^ group with
Bidentate amine ligands have also been reacted with 
Fe2(C0)g in T.H.F. to give some interesting products. In the
absence of a CO atmosphere, Fe2(C0)g reacts with 2,2 bipyridyl
The complex is of structural interest in that the bipyridyl 
ligand replaces two carbonyl groups frost the same metal, 
leading to the formation of an S.B.C.O. group (see Fig 2.7). 
.Thile this compound may be regarded as substitution product of 
Fe2(CO)g, rather than the result of disproportionation or 
other scission processes, extensive rearrangement of the 
structure occurrs:-
local symmetry.63
205in T.H.F. to afford a binuclear compound, [Fe9(C0)^(bipy)].
I
CO
£ JL
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Bipyridyl is a good a-donor but a poor (compared to a CO)
«-acid and this means there is a need to generate *-acid 
capacity when it replaces the two terminal carbonyl groups as 
in U ). Thus two carbonyl bridges open, creating two more 
terminal CO's» giving structure (J). The final step is to 
distort one of the terminal carbonyls, bending towards the 
bipyridyl substituted iron (Fe(1) ) atom (K). Fe(1) has a 
considerable negative charge and only two terminal carbonyl 
ligands to help in delocalizing the charge. Hence it forms a 
weak d— +7v* dative bond to the carbonyl group, as mechanism 
to'transfer electron density to a CO group on the less 
negatively chargedFe(2) atom. Conversely, the structure may 
also be regarded as a simrle substitution product of an 
initially singly bridge structure - (CO)^Fe(y*— CO)Fe(CO)^- 
wnich is probably only a few kilocalories less stable than the 
(C0)^Fe( yw.-CO)^Fe(CO)^structure.
The ligand 1,2 diazine also forms a complex with the
209same stiochiometry, but the structure is not the same.
In this complex the ligand bridges the two iron atoms 
and is similar to the analogous complex , [FegiCO)^ (Pi^Pjj- 
CH2 1 . '¿'he difference is thought to be caused by the geometries 
of the two diamines: bipyridyl is incapable of bridging two 
metal atoms that are bonded to each other, whereas 1,2 diazine 
is incapable of forming two bonds to the same metal atom.
We have studied the behaviour of the three potentially 
tetradentate amine ligands, tris (2anu.no ethyl) amine,(TREK),
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tris (2dimethylamino ethyl) amine,(LlegTREi,), aad 1,2,,7,10
tetraazadecane,(TRIEN), towards ?e2(CO)g in T.H.F,
TREE and Me^TREN take up a'tripod1 framework (L) and
have been utilised to stabilize five-coordinate trigonal
bipyramidal structures in many transition metal complexes, 
(M) 19,23,22,3-22,5
Additionally, both TRnN^ and Me^TREN^^^ have shown the
ability to give six-coordinate complexes,
1,2,,7,10 tetrazadecane, the linear isomer of THEN, being
more flexible is capable of stabilizing various structures.
The copper(II) complex ion [Cu(TRIEN)(2CN)]+ adopts a square
253pyramidal structure whereas the cobalt (III) complex
- 11 i> -
25L[ CoCTRIFlOClplCl is octahedral. Square planar structurée
255 256have also been observed. * in the vast majority of compl­
exes of these powerful chelating ligands coordination of all
four nitrogen atoms is involved. The two atoms in each of
the carbon chains enable a network of three five-membered
chelate rings to be formed on complexation .However, examples
are known in which these ligands exhibit diminished denticity.
257Partial unwrapping of Cr(IIl)TRIEN complexes has been studied♦ QCQ
and in the silver complex [Ag(TREN) ] ''°it is thought that
only two of the primary amines are involved in coordination:-
h 2;:(
( Oo2 )
/
■C
In the titanium (III) and chromium (III) complexes t M C I ^ )X1
where L,=TREN x= 1or 2 and L,=MegTREN x =1, M=Ti and Cr) the
259 260ligands are coordinated through three nitrogen atoms. * 
Similarly, in [CdXgOie^TREN)] (X=C1 and Br) Ke^TREN exhibits 
reduced denticity. Since all the nitrogen donor sites of 
KegTREK have essentially the same steric requirements, metal 
coordination solely through the terminal -Nl.^ groups would 
have no obvious advantages. Spectral data for these complexes 
indicates that they contain a fused five-membered chelate 
ring system with a terminal centre as a 'dangling arml In 
contrast the analogous TREK complexes contain three eight- 
membered rings with the tertiary amine uncoordinated. The 
formation of eight rather than five-membered rings, which are
in these complexes, isnormally accepted as the more stable,
probably offset by the facts that:-
a) The tertiary amine centre
263-265primary amine sites.
b) Steric factors reduce the 
membered rings so that larger
is a weaker donor than the
effectiveness of linked five- 
, ,, 266rings are more stable.
EXPERIMENTAL
Reactions of Diiron Enneacerbonyl:- 
3i With tris (2aminoethyl) amine.
3
Fe2(CO)g (1.17g;3.21mmols) was placed in a ~250cm capac­
ity ampoule with 100 cnAr.H.F., then TREN(0.tpg; 3.30mmols), 
dissolved in 25cm^ T.H.F., was slowly dripped in. The ampoule 
was transferred to the vacuum-line, degassed at 96K then 
sealed under vacuum. On warming to R.T., bubbles of gas were 
seen escaping from the claret solution. The pale brown solid 
which precipitated was collected by filtration, washed with 
T.H.F. until the washings were colourless; then pumped dry 
giving a sandy brown solid (I) (0.l7g;31.8^). The filtrate 
was concentrated then treated with n-hexane which resulted in 
the precipitation of a burgancy solid (II) (0.21; 13.1-*).
Sandy Brown Solid (I)
Infra-red Data, (cm-1; nujol and H.C.B. mulls) 331-5(w)
3275(m) 3160(w) 2973(m) 29U)(m) 2880(m) 1923(s) I862(vs,br)
I670(m,sh) 1370(s,br) U75(m) 1U0(w,sh) 1320(m) 1160(w) 
1070(m) 980(m) 890(w) 820(w) 730(7«) 700(m) 620(s) 510(vw)
Chemical Analysis (*) Found 0:36.23, H:7.82, N:22..18,
Calc'd for C^H1gK^0Fe 0:36.57., H:7.89, N:27..35.
Burgundy Solid (II)
Infra-red hata (cm~^; nujol and H.C.B. mulls and T.H.F. 
solution.) 37.50(w,sh) 3260(m) 3150(m) 3090(w,sh) 2975(s) 
2950(s) 2830 (w) 2055(w) 2000(m) 1955(s,sh) mo ( v t )
1730(w) I670(m,sh) 1570(vs,br) 1500(vs) U50(s,sh)
U00(m) 1310(s) 1270(s) 1l60(m,sh) 1100(s) 1025(s) 805(s)
730(w) 610(w ) 510(vw) 47 5(vw) 380(vw).
Chemical Analysis. (#) Found C: 33.72, H:4.67, N:13.08,
Calc*d for Ci2H1gN^06Fe, C:33.83, H:4.26, N:13.15.
3ii With tris (2dimethylamino ethyl) amine.
Fe2(C0)g (075g; 2.06 mmols) and T.H.F. (~100cm^) were
3placed in a~250 cm capacity ampoule, a T.H.F. solution 
(~10cm^) of MegTREK(0.55g; 2.39mmols) was then dripped in.
The reaction mixture was degassed at 96K and then the ampoule 
sealed under vacuum. Slow gas evolution from the red solution 
occurred on warming to R.T.. After a week the solution was 
filtered, the solid which had precipated in this time was 
collected and thoroughly washed with T.H.F. and n-hexane.
A pale brown solid (III) (0.49g;30.5/«) was obtained on pumping
/ 3dry on the vacuum line. The filtrate was concentrated to 5cm
then n-hexane added dropwise to preciptate a dark plum coloured )
solid (IV) (0.30g;28.5£).
Pale Brown Solid (III).
Infra-red Data (cm~1: nujol and H.C.B. mulls) 2960(m) 2920(m)
2820(w) 2800(w) 2780(w) 1930(m) 1850(v s ) U70(m) U60(m) 
1300(w) 1265(m) 110C(w,br) 1030(m) 8l0(m) 780(m) 730(vw) 
620(m)
Chemical Analysis (*) Found, C:49.86, H:9.89, H:17.86,
Calc'd for C^H^N^OFe, C:49.69, H:9.62, N:17.83.
Plum Solid (JVjj.
Infra-red Data (cm"1; nujol and H.C.B. mulls, T.H.F. solution)
2940(c) 2890(s,br) 2840(s) 2780(m,sh) 2700(w) 2060(w)
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1990(vs) 19U)(vs) 1 8 3 5 ( s ) 1 7 2 5 ( b ) U60(w) 1U5(m) U30(w)
1290(m) 1260(w) 1170(w) 1150(w) 1100(m) 102,0(m) 1020(b )
1005(w) 935(w) 905(vw) 800(m) 770(m) 730(v,sh) 720(w)
675(s) 62,0 (m) 610(b ) 580(b ).
CheBical Analysis (*) Found C:2,2.26, H:5.66, N:10.91, Calc'd 
for C18H30K^06Fe2, 0:2,2.38, H:5.93> N:10.98.
3iii <>ith 1,2,,7.10 Tetraazadecane.
TRIEN (0.2,2g;2.89 Bmols) dissolved in ~10cm^T.H.F. was 
slowly dripped onto Fe2(C0)^(0.95g; 2.62 mmols) in T.H.F. 
(~100cm ). The resulting mixture was degassed and sealed at 
96K. Bubbles of gas were evolved from the red-brown solution 
produced on warming to R.T. After a few days a pale brown 
precipitate deposited. A buff solid (V) (o.2^6g;38>c) was 
obtained by filtration of the mixture, followed by thorough 
washing with T.H.F. and n-hexane and drying in vacuo. The 
filtrate yielded a dark maroon solid (VI) (0.22,g;21.5*) after 
concentration and addition of n-hexane.
Buff solid (V)
Infra-red Data (cm~1 ; nujol and H.C.B. mulls) 332,0(w,sh) 
322,0(m,br) 3210(w,sh) 3U0(w) 292,0(m) 2 9 1 0 ( b ) 2 8 6 0 ( b )
28l0(v,sh) 1910(vs) l855(vs,br) I650(w,sh) 1565(s,br)
U65(m,br) I300(m) 1 1 6 0 ( w) 1060(w) 1035(w) 990(w) 8 1 0 ( w)
720(vw) 695(w) 6l0(m) 500(vw)
Chemical Analysis (*) Found, 0:36.92, H:7.78, N:25.52,,
Calc'd for C^HgN^OFe, 0:36.52,, H:7.89, N:22,.35.
Maroon Solid (VI)
Infra-red Data (cm~^; nujol and H.C.B. Mulls and T.H.F. solution) 
3100(m,sh) 3320(s) 3260(s,br) 3150(m,sh) 3090(m,sh)
3030(m) 2910(s,sh) 2920(s' 2870(s) 2820(s) 2060(w)
2 0 1 0 ( w )  1 9 9 5 ( v s )  1 9 l 0 ( v s )  1 9 1 0 ( v s )  1 8 5 0 ( v s ) 1760(m)
1730(w' I650(m,br) 1565(s,br) U80(m,br) U30(m,br)
1285(s) 1270(s,sh) 1170(w) 1150(m) 1060(m,br) 1030(m,br) 
980(w) 930(w) 800(m) 720(w) 675(s) 6 1 0 ( s ) 585(s).
Chemical Analysis (it) Found, C:33.68, H:1.12, N:12.92,
Calc'c. for C 12H1gN^06Fe2, 0:33.83, H:1.26, N:13.15.
- 1*0 -
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DISCUSSION
The first point that emerges from this study is that 
Fe2(C0)g reacts with THEN, MegTREN and TRIO, to give two 
series of products which analysed for Fe(CO)L^ and Fe2(C0)gL^ 
(L^=TR2N, NegTRZU and TRIO) respectively.
3i ,.ith tris (2-amino ethyl) amine.
The reaction was carried out in a closed reaction vessel 
so that a slight partial pressure of carbon monoxide builds up
above the solution. The mononuclear complex Fe(CO)(TREN) 
precipitates from the T.H.F. solution as a sandy brown solid (I). 
The binuclear complex was soluble in T.H.F. but precipitates 
on addition of n-hexane as a burgundy solid (II).
3ia The Mononuclear Complex (I).
For the mononuclear complex Fe(CO)(TREN)the 'obvious' 
structure would seem to be a trigonal bipyramidal arrangement (A)
(A)
- 1 2 2 -
Here the amine ligand is coordinated through all four nitrogen
atoms and the carbonyl group occupys an axisl position, analogous,
to many other TRZii complexes including [M(TR2N)Xl+
0>:=Cu,X=NCS,Gl)19. However, this type of structure is predicted,
63to give rise to only one carbonyl stretching mode. Our 
complex exhibits two infra-red bands in this region (Table 3.1) 
Analytical data precludes the possibility of more than one 
carbonyl group per TR2N molecule which eliminates formulations 
of the type Fe(C0)2(TREN). The high frequency observed for 
these two bands essentially rules out the possibility of a 
dicarbonyl bridged binuclear species, e.g. (B).
_B_
Furthermore, the i.r. data suggests that the ligand is not 
tetradentete. In complexes of this type, the CH2 rocking 
modes of the metal-chelate ring generally lie between 900-750cmT1 
It has also been found 2J-5,21.8,25^, 267,268 that when a metal 
complex contains two or more five-membered chelate rings that 
are non-coplanar, two CH2 rocking modes are observed. If all 
the rings are coplanar, there is only one. Only one band,
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at 820 cm"1, assignable to a CHg rocking mode, can be located
in the infra-red spectrum of our product. In the 3500-3100cm 1
region, TF.EU exhibits two bands (3358 and 3282cm 1) assigned
to the v ^ N H )  and v^(NH) modes of the primary amine groups.
In our complex, these bands are shifted to lower frequency
and have become more complex (331-5(w) 3275(m) and 3160(w) cm 1)
The reduction in frequency is characteristic of amine 
269coordination. Moreover, since more than two bands are
observed it would seem that the primary amines are not in
identical environments. ' The spectral evidence points to
reduced denticity of the amine ligand. As noted in the
introduction complexes in which THEN is denied a tetradentate
role are not common. Interestingly, a selection of polydentate
tertiary phosphines have been shown to exhibit reduced denticity
271—271.on reaction with cyclopentadienyl iron carbonyl compounds.
For example, the potentially tridentate ligand (ph^PCCHg^) 2 ^ ,*12
271only coordinates through two phosphorus atoms (C).
_C_
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W ith  t h e  t r i p o d  l i g a n d  { P h ^ C H g ^ l j P ,  h o w e v e r , a  t e t r a -
272
m e t a l l i c  co m p lex  (D ) w as o b t a i n e d .
D
H y d r id e  fo r m a t io n  i s  n o t  uncommon i n  th e  r e a c t i o n s  o f  m e ta l
c a r b o n y l s , t h e  h y d ro g en  b e in g  a b s t r a c t e d  fro m  th e  s o l v e n t  o r
th e  l i g a n d .  F o r  i n s t a n c e ,  th e  a n io n  [F e H (C O )^ ]-  i s  fo rm e d  on
r e a c t i o n  o f  i r o n  p e n t a c a r b o n y l  w ith  p i p e r i d i n e .  T h i s  i s
th o u g h t  t o  be due t o  h y d r o l y s i s ,  r e s i d u a l  w a t e r  b e in g  p r e s e n t
i n s p i t e  o f  d r y in g  o v e r  KOH2 3 3 .  T h e t r im e t h y lp h o s p h in e  c o m p lex
lFe(P M e3 ) 5 l i s  a c t u a l l y  a  h y d r id e  c o n t a i n in g  co m p lex  ( E ) ,
275th r o u g h  a b s t r a c t i o n  o f  h y d r o g e n  fr o m  th e  l i g a n d  •
A c c e p t in g  t h a t  th e  i n f r a - r e d  d a t a  f o r  o u r  m o n o n u c le a r
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TREK complex(I) precluded structure (A), one possible 
formulation is that we have a hydride species, e.g.
Fe(CO)(TREKjHg. This could not be differentiated from 
Fe(CO)(TREN) by chemical analysis. Both structures (F) 
and (G) are consistent with the infra-ieo data discussed 
previously, the hydrogen atoms may originate from the solvent.
F. G
Since the primary amine groups will bind more strongly 
than the tertiary amine group,263-265 structure (G) is preferred.
Ketal-hydrogen stretching modes occur in the region 
2200-1 700cm , ' ie. in the region also associated with
carbonyl stretching vibrations. The two absorptions 
observed, for the complex, in this region are thus assigned 
to a v(C-O) and a v(Fe-H). Table 3.2 gives selected infra­
red data for some comparable systems.
Insertion of the iron atom into an H-K bond is also 
possible, eg (H), similar to the insertion into a C-H bond as 
noted in (F) and in fiFe(Ph2P(CH2)2P?h2) jph(C6H^)P(CH2)2PPh¿|]
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Table 3.2 Selected infra-red data for some carbonyl hydride 
complexes.
Complex (C-0) 
(cm-1)
(LI-H) 
(cm-1)
Ref.
H??e(CC)(P^tPh2)3 1900 1875 2 77
H2Fe(?h2P(CH2)2??h2)2,C6K6 182.0 278
H2Fe(P!fe3)^ 1795
Fe(C22H22:i^)(CO) 1920 280
Fe(CO) Oie2AsC6H^As«e2)2 1953 281
HFe(Cl3Si)2(C5H5)(CO) 2025 1960 282
HFe(?Me3)3 PMe2(CH2) 1820 2 75
KFe(?h2P(Cn2)2PPh2)- 1893 278
Ph(C6H^)P(CH2)2PPh2
H2Fe(TRF^)(C0) 1923 1862
*n  u n s ta b le  Fe-H c o n ta in in g  sp e c ie s  ( I )  was r re -o se d
■ i a 1 r ” ■■ ’ i ■' t e in  ‘Tie - ^ ■ c t io n  o f  w it; * ¡.“ .
disubstituted aminotropeneiraines (ATI) of the type:-283
where R=Me,Et,Bu\ph,p-MeCgH^. The 
involved replacement of two carbonyl
proposed mechanism 
groups
Fe(CC)5 + ATI
/'N
R H
2c;o
The second step in the reaction is then transfer of a hydrogen 
to the iron atom to give (X) as an intermediate, the final 
product being FeITI(ATI)j.
31 was unfortunate that our mononuclear TREE complex was 
completely insoluble in all of the common organic solvents 
denying a ^H.K.K.R. spectrum and possible location of a 
metal hydride resonance. A mass spectrum of the complex
m +gave a highest —  value of 1X6 assigned to TREK , indicating 
decomposition of the complex in the source. The proposed 
formulations for the product therefore rests on infra-red 
spectral data and chemical analysis.
3ib The Binuclear Complex (II)
The infra-red spectrum of the binuclear complex (II), 
Fe2(C0)g(TREN) , also indicates a non-tetradentete attachment 
of the ligand.Oniy one C^rocking mode could be located, at 
805cm“"*, and a complex profile in the t (N-H) stretching
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region was observed (3150(w,sh) 3260(m,br) 3150(m,sh)
3090(w,sh) cm“1). The complex exhibits bands attributable
to terminal carbonyl stretching modes at 2055(w) 2000(m)
1955(s,sh) and 19l0(s) cm”1, with some evidence for a very
weak band at 1730cm”1 assignable to a bridging carbonyl
grouping. In the event of terdentate behaviour, the resulting
binuclear complex must be unsymmetrical. However no v(C-0)
stretching mode associated with a S.B.G.O. group, usually
found in these asymmetric complexes,could be located.
Comparison of the number and position of the carbonyl bands
with literature data for carbonyl ferrate anions (Table 3.3)
rules out an ionic formation, eg. t Fe(TREN)2 ^ + [Fej(C0)^]
Table 3.3 Carbonyl stretching vibrations of the carbonyl 
233ferrate anions.
Anion v(C-0)(cm”1 )
[Fe(C0)J 2_ 1730(s)
[HFe(CO),]“ 2008(w) 19U(m) 1880(s)
[Fe2(C0)g]2” 1916 (m) 1866(s ) 1 8 1 2 ( w)
[HFe2(CO)8 r 1998(w) 1980(m) 1930(s) 1906(m) 1873(w )
[Fe3(C0)11)2- 1911 (s) 1913(n) 1881(w )
(HFe3(C0)11]" 2070(w) 2C01(s) 1980(m) 1950(w)
[Fe^(C0)13 l2" 2030(w) 1967(s > 1950(m) 1829(v w)
At this stage it is only possible to surmise the type of 
structure involved for this complex (II), possibilities
include (J) and (&).
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N.M.R. Spectral data could not, unfortunately, be obtained 
due to rapid decomposition in the only suitable solvent, d^ D1IS0. 
3ii Yath tris (2 dimethylamino ethyl) amine.
Reaction of YegTP.EN with Fe^iCOj^in T.H.F. gives two 
products, viz., a T.H.F. insoluble brown solid (III) which 
analysed for [ Fe(CO)(YegTREN) ] , and a T.H.F. soluble plum 
solid (IV) which analysed for [FegiCOjgG-egTRElOl .
3iia The Mononuclear Complex (III)
The mononuclear complex [Fe(CO)(YegTREN)] exhibits infra­
red absorptions in the region 2200-1700cm”1, inconsistent with 
a simple five-coordinate formulation (A). In contrast to the 
analogous TRSN complex, two CH2 rocking modes can be located 
at 8l0(m) and 780(m) cm”1, indicating the presence of two or 
more non-coplanar chelate rings. The appearance of bands 
(2820(w) 2800(w) and 2780(w) cm”1 ) in the region 2850-
2750cm”1 is characteristic of an un-coordinated -NYe0Lno 1 noc
group, J implying non-tetradentate attachment. It
may te noted that, in metal complexes of the multidentste
ligand, 1 ,K,7 triazaheptane (DIEK), - octahedral
structures, where there are two non-corlanar chelate rings,
exhibit three absorptions in the CHp wag region
(1500-1 ¿.00cm" ). Our complex (III) shows the same profile
in this region, as a strong peak ( K 75cnf1) with a distinct 
shoulder to both high (HSOcnT1) ana low (1b60cnf"*) energy.
The accumulated infra-red data is consistent with a structure 
in which the ligand is coordinated through three nitrogen atoms 
with an uncoordinated 'dangling' arm.
As in the analogous TREK complex, a carbonyl hydride 
species is proposed eg (L) or (K). The carbonyl stretching 
band, of which, is located at 1S'50cn:-"' and the metal-hydride 
stretching mode at 1850cm'"''.
L M
3iib The Binuclear Complex (IV)
As in the mononuclear complex (I1!), two bands assignable 
to CHn rocking modes can be located (800(iri) and 770(m) cmf )¿L
in the infra-red spectrum of the complex. Further a series 
of bands to the low energy side of the 'normal' CK absorptions
1 35
28i.0(s) 2780(m,sh) and 2700(w)cn”1) and the Cr^ wag profile
(U60(w,sh) 1U5(m) and U30(w)cm"1) give strong evidence
that the lie^TREN is, again, not tetradentate. The carbonyl 
stretching pattern is different to that of the analogous 
TEEN complex, bands at 2060(w) 1990(vs) 19U>(s,br) 1910(s)
band is indicative of a bridging carbonyl group. The band
but since amines are known to lower carb'-nyl stretching 
frequencies this can only be a tentative assignment.
Of the common organic solvents, only T.H.F. and Dl'SO 
were found to dissolve complex (III) to any appreciable 
extent. This made the collection of NNP. data difficult.
The 1H.N.M.R. spectrum of a d^-D”S0 solution of the complex 
contained a multiplet resonance at J.SSrfppm, due to the 
methylene backbone. A second resonance for the methylene 
backbone and a resonance for the -NKeg protons was not 
observed. These are presumably obscured by the peak due 
to the residual protons in the solvent (2.50<Sppm). The 
solution was not concentrated enough to obtain 1^C.N.1‘.R 
spectra. »ithout further data, structures such as (N) and (P) 
are purely speculative.
1f>35(s) and 1725(m)cm-1 being observed. The lowest energy
at 1835cm”1 may be due to a semi-bridging carbonyl group
CO £ Ico o CO N
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3iii iVith 1,1,7»10 Tetraazadecane.
Two products were obtained from this reaction; a buff 
solid (V) which precipitated from the T.H.F. solution and a 
T.H.F. soluble, maroon solid (VI). The former analysed for 
[Fe(CO) (TRIERJand the latter [Fe2(C0)6 (TRI2N)).
3iiia The Mononuclear Complex (V)
As with the analogous TREK and liegTREN complexes the 
infra-red spectral evidence indicates that TRIER is not 
coordinated by all four nitrogens. A broad complex profile, 
(33U)(w,sh) 32i.O(m,br) 3210(w,sh) and 31U)(w)cm"1), little
shifted from that of free TRIER, is observed in the (N-K) 
stretching region of the spectrum. Only one band assignable 
to a CH2 rocking mode can be located at 810 cnu* The 
2200-1700cm”  ^ region contains two bands, inconsistent with 
a simple five-coordinate structure. Again, a carbonyl 
hydride structure is suggested, with v(l,'-H) being located at 
1855cm ^and -KC-0) at 1910 cnf1.
3iiib The Binuclear Complex (VI)
The carbonyl stretching region of the binuclear complex, 
[Fe2(CO)g(TRIER)] , is similar to that of the analogous 
Ite^TREK complex, see above. Both terminal (2060(w) 20U)(w)
: ^  -
1995(vs) 19iO(vs) and 1910(vs)cm-1) and bridging modes 
(1760(m) and 1730(w)cm-1) are indicated. A band at I850(vs)cm1 
is also observed, this is low for terminal modes and is 
possibly due to a S.B.C.O. group. One CH2 rocking mode 
located at 800cm-^, is indicative of coplanar chelate rings.
The v(U-H) stretching profile is complex (3U)0(m,sh) 3320(s)
3260(s) 3150(m,sh) 3090(m,sh) and 3030(m)cm-1) suggesting
non-tetradentate coordination. The low solubility of the 
complex in suitable solvents precluded the acquistion of 
1H.N.K.R. data.
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INTRODUCTION
The tervalent metal halides of the early transition metals, 
MX^(5f=Ti,V,Cr, X=Cl,BrJ) are polymeric via halogen-bridging. 
Fission of the halogen bridges does not occur unless solvents 
of significant polarity are used and consequently they only 
form monomeric adducts with strong donors. The monomeric 
adducts are more reactive, and undergo substitution reactions 
far more readily than the polymeric halides undergo the 
corresponding addition reactions. They are, therefore, 
frequently used as starting materials in the preparation
O Q / '  Op.pl
of new complexes. The most widely employed adducts are
of the formulation MX^.3L (L=py,KeCN and T.H.F.) as high purity 
products can be readily obtained in high yields simply by
soxhlet extraction of the relevant halide with the ligand
289-292for a few hours. The monomeric five-coordinate species
ively unsaturated are extremely labile and are potentially 
useful starting material. Previous work in this laboratory, 
centred on the chemistry of these species as exemplified by
always straight forward. Two competing reactions may take
ition of the five-coordinate adducts to give [KgClgiNir'e^)^]
place, one being substitution'259,300-303 the other decorapos-
species^^’-^^ Loss of NYe^ from MCl^NMe^g is irreversible.
[M2Cl6(NVe3)3l + NMe3
The trimethylemine lacks the donor strengh to break the 
metal-halogen bonding in the decomposition product (A) and 
force the octahedral metal back to five-coordination.
'fiith stronger donors, eg pyridine, the metal-halogen bonds 
are broken and the six-coordinate, monomeric adducts MCl^L^ 
are obtained.
The [MCljO'Me^g] complexes may be used as starting 
materials provided the rate of the substitution reaction (R^ .) is 
faster than decomposition (R^) (a).
Me^N
A
(b) - Rs<Rd
ilKgeigOnfejîj] + KKe3 + L
..hen this condition is satisfied, the complexes have been
25° ^OO-^Olfound to be useful starting materials eg, in the
preperation of [i'Cl^ L] and [ (K=Ti and Cr,L=TREN).
The [KCljiNKe^g] complexes are usually prepared by
direct treatment of the appropriate anhydrous metal helide
oqj. oo*5with an excess of NMe*. ’ Fortuitously, all are soluble
in the parent amine, giving intense coloured solutions, and 
can be directly obtained by filtration and back-distillation 
within a double ampoule reaction vessel. On preparing these 
adducts, for possible use as starting materials where we 
thought easily displaced ligands would be an advantage 
(eg. Chapter 6), we observed that some insoluble material was 
always left in the reaction vessel. .'.e were interested to 
determine whether this insoluble residue was simply unreacted
starting material or in fact a second product of the reaction.
295Y,ith vanadium (III) bromide, Duckworth, Fowles and Greene 
did isolate [VBrj(lftle^ )] as well as [VBrjQSKejJgl• but no 
similar behaviour has been described with titanium (III) 
or chromium (III). Closer investigation of the three systems 
confirmed our suspicions and we identified further products 
in these reactions, namely the mono-amine adducts [KClgiNltej)] 
(K=Ti and Cr) and [ VCl,(Nyej)l.
e x p e r iit e t a l
TiCl^O .5g;9.72mmols) was placed in a double ampoule, 
and EVe^ (v25cm^) distilled on under vacuo. The ampoule was 
sealed, and careful filtration and back distillation until a 
colourless solution was obtained ¿eve the soluble TiCljOU'e^Jg
Reaction of trimethvlamin_e : -
4i ..ith Titanium (III) Chloride
product in one flask and a small quantity of a grey solid (I) 
(~0.1g;5>t) in the other. The grey product v.as washed with 
GHgClgjKeCil and CgHg, then pumped dry.
Trey Solid
Infra-red Data (cm 1 jn-jjol mull only) 1245(m) 11l5(w)
1040(w) 10l5(w) 990(s) 885(e ) 840(e ) 605(m) 720(m)
UO(w) 394(vs,br) 353(s,br) 260(m) 185(s,br).
Chemical Analysis (») Found C:19.6, H:5.3, 11:7.5, Cl:39.0
Calc'd for CjHoKClgTi,C:20.25, H:5.10, N:7.87, Cl:39.85.
4ii V.'ith Vanadium (III) Chloride.
VC1,(1.5g;9.54mmols) was sealed in a double ampoule with 
3
We^  (~25cm). Extraction of the solid with the NMe^, to 
remove the soluble VC1 complex, until a colourless
solution resulted, left a chocolate brown insoluble residue. 
The brown solid (TI) (0.83g;VlO was washed with CHgCl^, l.'eCN
and C^Hg and pumped dry. 
r.ro.wj solid (II).
Infra-red Data (cm- ,nujol and H,C.B.mulls)3130(£) 3015(m)
2950(m) 2710(w,sh) 2G40(m,br) 2500(vw) 2475(w) 2340(vw)
1405(C) 1450(s,sh) 1445(s) 1410(w) 1380(s) 1255(e )
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TiCl^O.5g;9.72mmols) was placed in a double ampoule,
3
and ?’1.’e, (-v'25cm) distilled on under vacuo. The ampoule was 
sealed, ana careful filtration and back distillation until a 
colourless solution was obtained gave the soluble TiCljiNlie^g
Reaction of trimethvlamine:-
iti__• ith Titanium (III) Chloride
product in one flask and a small quantity of a grey solid (I) 
(~0.1g;5>i) in the other. The grey product was washed with 
C^Clpjl'eCH and CgHg, then pumped dry.
Crey Solid (Jj_.
Infra-red Data (cm~ ;njjol mull only) 12E5(m) 1K5(w)
1OEO(w) 1015(w) 990(s) 885(m) 8E0(m) 805(m) 720(m)
U 0(w) 394(vs,br) 353(s,br) 260(m) I65(s,br).
Chemical Analysis («) Found C:19.6, H:5.3, 11:7.5, Cl:39.0
Calc’d for CjHqKCljTi.CrSO.^, K:5.10, N:7.87, Cl:39.85.
l.ii Viith Vanadium (III) Chloride.
VClj(1.5g ;9.5i-mmols) wss sealed in a double ampoule with 
3NKe^ (~25cm ). Extraction of the solid with the NMe^, to 
remove the soluble VC1 complex, until a colourless
solution resulted, left a chocolate brown insoluble residue. 
Tne brown solid (II) (0.83g;i1v) was washed with Ch^Clp, J.!eCN 
ana CgHg and pumped dry.
Brown solid (II).
Infra-red Data (cm-1;nujol and H,C.B.mulls)3130(£) 3015(m)
2950(m) 2710(w,sh) 26t0(m,br) 2500(vw) 2t75(w) 23E0(vw)
U63(S) U50(s,sh) 1U5(s) U10(w) 1380(s) 1255(m)
1 230(a ) 1 1 50(vv0 1 1 00(w) I0i,5(m) 1020(vw,sh) 990(s)
970(s) 9hO(vw) 8A5(m) 810(m) 720(m) 620(w) 386(m)
358(vs) 317(vs,br) 286(s) 20A(s,br) 1A8(m).
Chemical Analysis (*) Found, C:16.5, K:b.i., K:6.7, Cl:-19.0,
CaIc'd for C3H9MC13V, C:16.9, H:b.2, N:6.5, Clri-9.1. 
liii ..ith Chromium (III) chloride.
CrCl^d .5g;9.i-7iTi-7iols) was sealed in e double ampoule with 
*
Nl'e^  (^25cra ). After 2 weeks the blue-purple solution of 
CrCl^Oil'e^)2 developed and was filtered into the other flask. 
Extraction of the reaction flask with IC.ie^  left a trace of 
pale trey solid (III) (~0.1g;5*), which was washed with 
CHgC^» KeCK 8nd CgHg and pumped dry.
Grey Solid (III)
Infra-red Data (cm-1; nujol and H.C.B.mulls) 3060(m) 3020(s)
2 9 5 8 ( v s ) 2 9 2 2 ( v s ) 2850(w) 2 7 8 5 ( w) 27bO(s) 21f60(w)
U75(s) U55(s) U05(w) I370(w) I255(w) 1225(w) 12lO(w)
1015(w) 975(vs) 900(w) 8 1 0 ( s ) 755(vs) 6i5(w) 6 1 5 ( w)
5b5(w,sh) 500 (m) ¿.80(w,sh) A60(w,sh) 392(vs,br) 3U)(s,br)
228(s) 192(s,br).
Chemical Analysis (*) Found, C:19.8, H:5.b, N:7.3, Cl:38.5
Calc'd for C^HClgCr, C:19.8, H:5.0, K: 7.7, Cl:39.0.
- U1
DISCUSSION
the tervalent metal halides, MCI (M=Ti,V and Cr) are the
3
bis-adducts, [MCljiNMe^Jg]. These complexes are monomeric
296-298and of trigonal bipyramidal geometry in the solid state.
The two bulky amine groups are positioned trans, occupying
the axial positions of the polyhedron (g), thus acheiving
maximum separation. Distortions from pure Djh symmetry are
The main products of the reaction of trimethylamine with
NMe,
B
found in equatorial bond angles, eg CrCl^NMejJg has two 
angles of 12^.2° and one of 111.6°. For the titanium (III) 
and chromium (III) adducts, this distortion can be ration­
alized in terms of a Jahn-Teller distortion. In the case of 
vanadium (III), however, free from possible Jahn-Teller 
distortion, it would seem to result from a crystal packing 
effect. Five rather than six-coordination, in these complexes, 
results from steric rather than electronic factors, the bulky 
nature of the ligand overcoming the metal preference for an 
octahedral structure.
••ith vanadium (III), a second product of comparable 
percentage yield is also obtained, which we identified as
the mono-adduct [VCl,(Me,)]. In the cases of Ti(III) and3 3
Cr(III), we found no similar complexes, [ KClj(NUej)], but
small yields of the reduced complexes [ l'Cl2(Nliej)] were obtained.
It is conceivable that the analogous vanadium (II) complex
may be formed but no such species could be isolated. The
infra-red spectra of all three complexes confirms the presence
of coordinated Me^.eg. the asymmetric and symmetric C-N
stretchinfc modes and the CH^ rocking mode, observed at
1272, 826 and 101-3 cm-1, respectively, in the free amine50®,
all shift to lower energy (Table 1-.1)
Differentiation between U-Cl terminal and M-Cl bridging
stretching frequencies is not clear, but the complexes are
almost certainly polymeric, via halogen bridging.
Reduction of YCl^ (K=Ti and V) by Me^has been utilised
as a preparative route to the corresponding tervalent,
[MCl3(NKe3)2 ] , species. 291*507 In the case of K=Zr and Hf, 
where reduction is much less likely, the simple addition
complexes [KCl^NMe^) are obtained. 50®’ 509 For the VCl^
reduction in particular, Kiesel and Schram507 identified
the main oxidation product as LIe2KCH2+ , The infra-red
spectrum of the product mixture, obtained on reduction of
VCl. with a deficiency of Me,, clearly indicated its presence,
with location of v(C=N) at 1696cmT1 In the presence of
excess M e ,  this species may undergo further reaction.
I'e^iCH^ + VCl, (Mej)----* VCl^Mej) + Ye^CH^Cl"
l!e2KCH2+Cl" + M e 3 ----- ♦Il^gUCK) + Pe^ih^Cl"

by Kiesel end Schram,Ae propose a similar mechanism as invoked 
for the reactions of M e  3 with the tervalent metal halides, 
MCIj(K=Ti, V and Cr ).
MCI3 ---- x § J & 3_ ^  MCl3(NMe3) (xs
[Me^CHl + Me2!'lCH2N+Me3Cl- + MejNH+Cl-
The intermediate complex, [MCljOf.^)], may undergo further 
reaction(a) via addition of a further ligand molecule or (b) 
via elimination of Cl* to give the reduced M(II) species. 
Alternatively, it may immediately precipitste (c)» 
Specifically for vanadium, the latter occurs and the mono­
adduct, [VCl3(l\lTe3)] is obtained, in comparable yield to the 
vanadium (TIT) bis-adduct. It has been shown that the
MCl2( M e 3) + Cl
xs M e 3
Me^iCH^ + HC1
MCI 3 (Me 3) xs M e 3
KegNCH^Cl + MCI 2 (M e  3)
xs MIe3
tervalent bis-adducts, [IfGl^(Kile-5)2  ^ (ki=Ti, V and Cr) all 
loose amine in benzene solution, at varying rates, giving 
the binuclear species KgClsiNK^K. These binuclear complexes 
cannot be readily reconverted to the monomeric five-coordinate 
bis-adducts. Similarly, we have found that once [VClj(iiire,)] 
precipitates it does not react further with excess Nr.'e^ . The 
type of structure envisaged for the mono-adduct is a halogen 
bridged polymer, based on octahedral vanadium (III),(C).
No mention of a species such as VCl^Nl'e^) is made in 
the work of Kiesel and Schram, which is perhaps surprising 
since it was a proposed intermediate in the reaction scheme. 
VCl^ + NMe3 ---►VCl^(N?!e3) --- »  VCl^Nl'ej) + Cl*
In their work, no insoluble vanadium products were
obtained with an excess of NYe3< Yiith a deficiency of amine
ï.ith titanium (III) and chromium (III) we isolated the 
divalent species [IlClgihl'e,) ] (K=Ti and Cr). The major 
product of the reaction is clearly the tervalent bis-adduct 
KCljiKV.ejJp, there is no evidence for I.iGl(IvîvCe^ ). The 
yield of KCl2(l&e3) is lov., showing that reaction (b) 
is of secondary importance with respect to formation of
tl.!Cl3(N?'e3)2] (a)



The chemistry of titanium (IJ) has been little investi. r 
ated, presumably because of the difficulty in handling these 
strongly reducing species. Titanium ( I I )  halides are 
polymeric, and undergo addition reactions even less readily 
than titanium (ITT) halides. Direct reacti'n of aceto­
nitrile does yield TiXoO'.eG::^ (X=C1 and ¿r), which readily 
gives ligand substitution rrooucts with a number of other 
donors.'^ All the products reported were considered
to be halogen-bridged polymers in the solid state (D).
.-X.
:t v •Ti. its: ’
Similarly, we propose that our complex also has a polymeric 
structure, eg (r_).
NMe-
NMe-
the coordination behaviour of the CrJ^O^Cl» Br and I) series,
31 3These chromium (II) halides, also, react with acetonitrile 
and with pyridine,giving 1 1 2 adducts. In the cases of 
[CrXpL^l (X=C1 and Er, L=HeCN end py) polymeric, halogen 
bridged octahedral structures, analogous to (P), were proposed 
For our complex, [ CrCl2(Nlue^ )] , we suggest a similar poly­
meric structure, as previously described for the analogous 
titanium (II) complex (E). Chrrmium (II) complexes are labile 
in contrast to chromium (III) species which are, characterist­
ically, kinetically inert. Consequently Cr (II) complexes 
may be used to accelerate reactions of Cr (III) species. The 
Cr (II) species are often produced by the. addition of zinc 
dust, eg in the preparation of [CrCl^(T.H.F. )^1 The
zinc is thought to fix to the surface of the CrCl^ via halogen 
bridging, electron transfer then occurs giving labile, soluble
Cr(Il) ions. Further reaction may occur involving the Cr(Il)
315 316species binding to the CrCi, surface via halogen bonding. *
Addition of zinc dust is recommended in the preparation of
295CrCl,(Nile,)r, from CrCl, and neat Kile, 7*e found, however3 3 2 3 3
that the zinc was not vital, although without it the reaction 
v.:as much slower. Of two systems sealed at the same time, the 
one with zinc dust included gave the characteristic blue- 
purple solution within six hours whereas the one without took 
two weeks to achieve the same result. Neither the
Although the chemistry of chromium ( I I )  i s  more extensive
than that of titanium ( I I ) ,  there i s  s t i l l  scant knowledge of
titanium (III) or vanadium (III) systems needed zinc dust,
1 pbeing d and d systems respectively.
CHAFER FIVE
REACTIONS OF HBXAIETHYLDISILOXAKS AND HEXAIÆTHYLDISILATHIAIJ5
Vi ITH
COVALENT TRAINITIOH LETAL HALIESS
It has recently been shown, in this laboratory, 
that titanium (IV) chloride and tris(trimethylsilyl) amine 
react to give trinethylchlorosilane and catena-di-^tL-chloro 
bis-M-(trimethylsilylsmind) di (chlorotitanium (IV)):-
2TiCl^ + 2K(SiKe3)3--- ► U'e^iCl + ¿[(ClgTiNSiKe^g 1 n
The latter features planar dimeric (Ti-K) units polymerised 
via chlorine bridges^ (Fig 5.1), and is the first
confirmed example of a ring of this type. There are very 
few examples of transition metal containing heterocycles 
of the type (-M-Y) , where Y=0,N,P,S etc, other than those 
formed via coordination . Apart from the example above 
the only other titanium heterocycle confirmed by crystal 
structure data, is the tetrameric ring [(C^H^)TiCl(O)]^20’^21 
(Fig 5.2). This compound contains an eight membered (Ti-O) 
ring, with tetrahedral titanium atoms and Ti-O-Ti bonds 
distorted from linearity. It may be prepared by careful 
hydrolysis of (C^H^jTiClj^^:-
KC.HjTiCl, _ t l H 20--- „ 2[(C5H5)TiCl2]20
5 -AHC1 *
- ± ^ 2 ° -----> t (C c h 'c )T iC l(0 ) ]  ,
-4HC1 5 K
323or by reaction with ary acetone under anaerobic conditions.
This is the only such compound to have the presence of a (Ti-O) 
ring confirmed by on x-ray determination. There are many 
more reports in which such rings have been suggested on the
FIGURE 5.1 [CljTilNSiMij)^: one unit of 
the ordered chain
a) [001] projection
!;)[100] projection
FIGURE 5.2 Structure of [(h5C5H^TiCI0)4
2  0 1  -2, '  Z
basis of chemical analysis and molecular weight data. '
There are no authenticated examples of rings of alternate 
titanium-sulphur atoms, the various titanium sulphides tend 
to have polymeric structures. The reactions of sodium ana
an.mom urn 326polvsulphides v.ith (C^h^r/fiClry , and the reaction
of elemental sulphur on (Ct-ji^ ) Ti(C0)o,32?p ¿ ill result in the
formation of a six-membered (TiS^) heterocycle. The 
pentasulphide fragment functions as a biaentate ligand in 
occupying two metal coordination sites with the centroids 
of the two cyclopentadienyl rings completing a distorted 
tetrahedral coordination around the titanium atom 
(Fig 5.3)^^'^^. Attempted formation of smaller rings 
failed, in all cases (C^K^)oTi£^ was o b t a i n e d . E v e n  
reaction of (C^Hp^Ti(SH)^ v.ith iodine only resulted in the 
formation of the titanium nentssulphide and (CpTit^Tilg
The vanadium pentasulphide has been obtained
similarly and shown to have the same structure as its 
330titanium analog.' Another examnle of a transition metal
containing (FS^) rings is [(KH^JgPtE^J.fflgO, the structure 
of which shows the presence of three six-membered rings by 
the coordination of three bidentate pentasulphide 
fragments (A).^^
In contrast, reaction of (C^H^J^FClnO^Fo,.'.) with
ammonium polysulphides results in the formation of a five-
*
membered (FS^) ring. Here the FS^ is non-planar but
symmetrically placed with respect to the cyclopentadienyl 
rings (Fig 5.K)
F i g . 5.3. M o l e c u l a r  c o n f i g u r a t i o n  of
[(h5 C H ) T iS  I 
5 5 2 5
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The general scarcity of transition metal heterocycles 
is in contrast to the main group elements, for which 
heterocyclic compounds are legion*^(Table 5.1).
Hexamethyldisiloxane and hexamethyldisilathiane are 
both potential O'-donors and yet no such complexes have been
. A  •
prepared. For (Me^Si^O the SiOSi bond angle of 14.8 implies
555that both lone pairs are delocalized to some extent, for
^  •comparison the C-O-C bond angle in dimethylether is 111 .
Consequently it is a much weaker electron donor than that 
of an aliphatic ether. This is a well known feature of 
siloxanes ^  (Table 5.2) and is attributed to interaction of 
the filled oxygen p-orbitals with the empty silicon 
3d-orbitals.^^^-^ 0
Table 5.2 Geometrical parameters for the disiloxanes
(R3Si)pO (R=H,Cl,F,Ph and Me).
R SiOSi Bond angle (Si-0) Bond distance
H 1 U 1.632,
Cl U 6 1.592
F 156 1 .580
rh 180 1.616
1 )j~> I
Table 5.1 Some heterocyclic riru/s (ll-X) (M=main ,-roup 
element, X=0 or S).
Heterocycle Examples and Remarks
(R50)3 A wide variety of substituted inorganic and 
organic derivatives known. Planar (£-0)3 ring.
(r b s)2 Only limited examples.
(R3S)5 Yore favoured than (RBS)2, large number of 
examples known. The ring is planar in (Br3S)3.
(R2SiO)n 3<n>25. Extremely numerous. (SiO)3 rings are 
generally planar, (SiO)^ are puckered.
(P.2SiS)2 Various derivatives known. In (Me2SiS)2 the 
ring is planar.
(p2s i s)3 Various examples. Relative yields of (R2SiS)n
(n^2,3) depends on reaction conditions. 
(Ye2SiS)3 ring is puckered.
(R2GeO)n n=3,X, various substituents. Less common than 
analogous silicon compounds.
(R2GeS)n n=2,3 various derivatives.
(R2SnO)n No confirmed examples.
(R2SnS)2 Rare, (Bu2SnS)2 recently synthesised and
337shown to be planar.
(I^SnS) Fairly common. R=Ph and Me contains puckered 
(SnS)3 rings.
(R2PbX)n X=0,S. No confirmed examples.
For (ke3Si)2S, infra-red and Raman spectral studies indicate 
a bond order of 1.00 and a SiSSi bond angle of 10i* suggesting 
that (p-d)n bonding is less important in the Si-S bo n d . ^
Both the Si-0 and the Si-S bonds are readily cleaved by a 
variety of reagents. Reaction of (Ve^Si^O with a variety 
of metal and non-metal halides gave the corresponding 
trimethylhalogenosilane and either trimethylsiloxy derivatives
or the oxides, for example:-
3(Ke3Si)20 -i 2BBr3 6Me3SiBr , b 2o 3
(Me3Si)20 + A1C13 ----—  2i:e,SiCl 5 + (A10C1)
Both of these examples ^re believed to Droceed via an unstable 
addition compound:-
0te3Si)2O + BBr? ----- * (ke3Si)20 — B3r3
(Ke3Si)20— 3Br3 -------- * Me3Si03Br2 + l!e3Si3r
On heating the reaction mixture, the final products are 
obtained
ke3Si0BBr2 -------*• MejSiBr
^ "r n
+ BBrO
■RPr^ C2U3 +
Cleavage also occurs on reaction with organometallic reagents, 
alcohols, hydrogen chloride etc, and a review of some typical 
reactions of (Ke3Si)20 is given in Fig 5.5.
Hexamethyldisilathiane is readily hydrolysed:-
(¡¿e3S i)2S + H20 — ----------> 2Pe3SiOH + H2S
and similarly with alcohols:-
+ 2R0HCve3Si)2S 2”e3SiOR + K2S
Fig. 5.5 Some typical react ions  of 
hexamethyld is i loxane.
A similar pattern of behaviour to (I'e^Si^O has been observed 
(Fig 5.6), indicating the weakness of the Si-Y(Y=0,S) bonds
30¿e3Si)2S + BClj— »(I'e^SiS) jB + 3Me3SiCl
tfith metal halides, t'e^SiX ano the corresponding metal sulphide
The lability of the Si-S bond has been exploited as a means of
example in the preparation of [ 1^ i(SMe)2 6^ :~
Ke^SiSMe^ + NiCl2-»> [Ni(St?e)2]6 + [Ni(SMe2)2ln+y.e3SiCl 
As a natural extension of the chemistry of (l!e3Si)20 
and (ye3Si)2S we have studied their reactions with represent­
ative transition metal halides. Vie were particularly 
interested in preparation of novel heterocyclic compounds 
by analogous routes to that used in preparing the previously 
mentioned ring [(Cl2TiNSiMe3)2ln :-
relative to Si-X (X=halogen) bonds,34-2,3^3eg._
HgCl2 + (Ke3Si)2S ---- > HgS + 21ie3SiCl
CdCl2 + (Ke3Si)2S ---- * CdS + 2ye3sici
preparing sulphur containing complexes 3X2,3U, 3X5 for
(Me3Si)2Y + TiCl^-—  *  [C12Tlil 
Y=0,S
n + 22.!e,SiCl5
R N S ¡ M e ,  
2 3
Me3SiCI
Sb 2S3
RO S iM e -
R..5
Fig. 5.6. Some typical reactions of
he xamet hyldisilathiane.
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5A Reactions of hexamethyldisiloxane 
5Ai V.ith titanium (IV) chloride. 
a) 1H.N.K.R. Study
TiCl^ + (t.e^ Si)nO: TiCl^(1cm3; 9.10mmols) and (Lle^Si^O 
(1.9cm ; 8.9Lmmols) were mixed in e dry N.y.R. tube, which 
was then sealed under nitrogen. "'h .K.L'.R. spectra were recorded 
at suitable time intervals (Table 5.3)
Table 5.3 1H.K.M.R. spectral data for a 1:1 mixture of TiCl^_ 
and (:,!e,Si) r£>.
Time after mixing Intensity of peak at 0.065 dppm
(mins) Intensity of peak at 0.398 dppm
K 5.88
6 L.15
8 1.56
10 0.63
12 0.17
15
0 3
'TiCl^  + 2(M^Si)nO: As above using a mixture of TiCl^ 
(0.5cm3,L.55mmols) and (Ke,Si)20 (1.9cm3,8.9Lmmols) (Table 5.1). 
TiCl^ + LOAe^S i K O: As above using a mixture of TiCl^
(0.5cm3; L.55mmolr) and (L:ejSi)20(3.8cm3; 17.68mmols).
(Table 5.5)
T ab le  5 .4__n . A . 1' . ? .  s r e c t r a l  data  f-r a 1 : 2  mi x t u r e  o f
TiCl^ end (y.-,Si)„0.
Time
(mins)
0.326 ppm peak intensity 0.412 ppm peak intensity
0.065 ppm peak intensity 0.065 ppm peak intensity
15 0.J6
25 0.93
40 0.4.1 1.31
50 0.56 1.40
58 0.79 1.19
65 0.97 1.16
75 1.15 1.19
85 1.18 1.44
100 1 .26 1.56
130 1.39 1.92
155 1.52 2.11
2590 2.56 2.78
1 month 4. 34 2.30
At 0 3.17
completion
b) TiCl, + (Me^Si)nO: TiCl, (cm^; 27.30mmols) and
X X
(Ke^Si)20 (5.7cm ; 26.82mmols) were mixed in a 25cm round 
bottomed flask then fractionally distilled under 1 atmosphere 
of nitrogen. Three fractions were obtained:- 
i) A colourless liquid, boiling point 332K. Shown, by 
comparison of "'h .H.K.R, infra-red and bpt. data with that 
of an authentic sample, to be l'e,SiCl.
Table 5 «3 H.ri.E.E. spectral data for a 1 :4 mixture of 
TiCl^ and (I>,S1)20.
Time 
(mi ns)
0.326 cfppm peak intensity 0.412 cfppm peak intensity
0.065 cf ppm peak intensity 0.065 dppm peak intensity
30 0.01
90 0.14
240 0.45
315 0.52
420 0.29 0.31
645 0.30 0.38
1300 0.46 0.57
1660 0.46 0.52
1860 0.52 0.66
2820 0.52 0.62
7 U 0 0.54 0.49
10 days 0.61 0.52
2 months 0.32 0.76
At 0 0.52
j enroletion
ii) A colourless liquid (I), bpt. 433-453K. Exhibited positive 
chloride nnd titanium tests.
Infra-red Data (cm-1; neat liquid) 2950(m) 2890(w) 1 AJ.5(w)
UOfi(w) 1325(vw) 1255(vs) 950(vs) 635(vs) 765(s) 635(s)
475(vs) 370(s) 300(m)
Data (dppm: ref TVS; neat liquid) 0.37
iii) Blue-black intractable residue. Insoluble in cone. 
HCl.HgSO^ and HNO^.
c) TiClj^ + 2Q,:e3Si)2Q : TiClt(3.9cm3;35.W9mmols) and
(YejSi)20(15cn:^ ,70.57nmiols) were mixed in a 100cm^ capacity 
ampoule, degassed at 96K and sealed under vacuum. Cn warming 
to R.T. a yellow colour was observed which rapidly disappears 
to leave a clear, colourless solution. After ~1 month 
precipitation of a white solid (II) slowly started, which 
was deemed complete after a further month. The volatile 
products were removed by distillation under reduced pressure. 
The white solid was washed thoroughly with benzene and hexane, 
then pumped ary (2i..63g; 69.it->). Small samples of the white 
solid (~C.5f) were sealed in ampoules containing either 
ET,E'SO,THF,!.'eCiI or dioxan, and kept at 323K. Samples 
were also extracted in a soxhlet with boiling THF, MeCN 
and dioxan. No solubility or reaction with any of these 
donor solvents was observed.
White Solid (II)
Infra-red Data (cm-^; nujol ana K.C.B.mulls) 2970(m) 2930(w)
2895 (w) U50(w) U10(w) 1330(vw) I260(s) 1250(s) 985(vs)
950(m) 852(vs) 755(s) 655(vw) 153(s)
After exposure to air (cm nuiol ana H.C.B.mulls)
3610(m,br) 3W0C-3l60(m) 2960(m) 2930(w,sh) 2900(w,sh)
2850(w,sh) 1U5(w,br) U05(w) 1 2 6 0 ( s ) 1255(s,sh) 12W0(s)
1015(w) 9W0(vs) 910(s) 8A5(vs) 800(w) 760(m,sh) 750(s)
730(m,sh) 630(w,sh) 580(s) U-O(vs) A00(m,sh) 375(w,sh)
315 (vw.br) 290 (v;)
- 1t2 -
Chemical Analysis (..) Found C :20.51, ^ :l. 72, Cl: 1 c.21,
Calc'd for CjHgClOgSiTi, 0:19.11 H:d.6l, 01:18.80.
Nelt.inm Point >523K.
5Aii ,'.ith bis(cyc1 opentadienyl) titanium (IV) chioriae. 
(c5H5)2TiCl2 (0.75g; 3.01 mmols) and (Ne^i^O
3 3(0.8cm; 3.76mmols) were placed in a ~250cm" capacity
3round bottomed flask containing ~150cm benzene. The reaction 
mixture was then heated under reflux in a nitrogen atmosphere 
for ~?Ohrs. No visible change was observed end unreacted 
(C^H^)2TiCl2(0.72g;96J) was recovered.
3'iii ..ith zircon’urn (IV) bis(acetonit.rile).
ZrCl. (3.33g;H.29mmols), dissolved in ~50cm^ KeCN and the
solution filtered into a~100 cm^ capacity ampoule containing
3
0.Ti,Si)20(6.0cm ; 28.21 mmols). The solution was degassed at 
96K and sealed under vacuum. On warming to R.T. a colourless 
solution developed, no visible change occurea on storing at 
323K for a week. Removal of solvent followed by washing 
with hexane gave a white solid (III) (1.52g;96.5<) which 
was soluble in benzene, CKCl^ and KeCK.
Infra-red L-ata (cm.-1; nujol and H.C.B. mulls) 2970(s)
2920(s) 2860(w,sh) 2780(w,sh) 2100(s) 2378(vs) 23AO(m,sh)
16l.0(w) 1585 (v.) 13f0(w) U75(s) U00(m,br) 1357(m)
1210 (in) 1110 (w ) 1020( s) 995(m,sh) 9l0(s) 915(m,sh)
890(m) 830(m) 7i-0(m) 680(s,sh) 670(vs) 56Mvs,br)
300(vs,br) i.00(m,sh) 360(vs) 290(vs)
After exposure to air: (cm 1 ; nujol and H.C.R. mulls)
3500-302*0 (vs) 29SO(s) 2920(s) 2850(w,Sh) 23l0(s) 2280(vs)
2260(m) I680(m,sh) l600(s) 12*30(m,sh) 12*10(111) l365(m)
l255(m) 1220(m) HOO(m) 92*0(m) 920(m) 690(w) 82*0(m) 
750(m) 700(s,br) 620(s) 610(s) 505(m,br) 2*00(w,sh) 
300(m,sn) 3i5(vs)
~*H.K.T!.R. Data (dppm; ref TA'S; CDCl^ solution)
1 .902* (I) , - 0.032 (3)
Chemical Analysis Q/c) Found C:18.89, H:2.l6, N:5.92,
Cl: 32*.02*, MAT (Osmometric lleCN) : 828, Calc’d ior 
C5Hl2C13OKSiZr» C:l8*32* H :3.39, N:2*.27, 01:32.2*5,
lii’iT: 328 (monomer)*
5Aiv Y.ith tin (IV) chloride.
SnCl^(1cm^;8.66nn!ols) and (Ye^SDgO (7.2*cm^; 32*.£2mmols) 
were mixed in a -50cm capacity ampoule, degassed at 96K then 
sealed under vacuum. On storage at 323K, a white solid 
slowly decositea and sublimed to the neck of the ampoule.
The white product was shown by ^H.K.K.R. and i.r. spectros­
copy to be I'eSnCl^.
5Av v.ith chromium (III) chloride.
a) CrCl^O .72g;l0.63mmols) and (Ke^SDgO (8cm ;37.62*mmols) 
were placed in a ~50cm^ capacity ampoule, degassed at 96K, 
then sealed under vacuum. No reaction was observed on 
storage at 323K over a period of several months. CrCl^
was recovered unchanged (1.72g;10Ck) .
b) t CrCl3(THF)5l was prepared by soxhlet extraction of 
CrCl3(1 . 2 3 g ; 7 . 7 7 m m o l s )  with T.H.F. ( ~ 1 0 0 c t 3 ) .  The resulting 
solution v.as transferred to an ampoule containia
- 1 {
-l
(Me,Si)20(5cnr ; 23.52mmols). The ampoule was degassed at 
96K and sealed under vacuum. Uo reaction was observed on 
storage at 323K over several months and [CrClj(THF)(2.97g;96%) 
was recovered unchanged.
5? Reactions of hexamethyldisilathiene:- 
33 i__i.'it.h titanium (IV) chloride.
a) (l!e,Si)2S (tcm5;19.10mmols) and TiCl^(2cm^;18.2mmols) 
were each dissolved in~100 cm^ benzene, then slowly dripped 
together into a further ~100cm^ benzene, cooled to 273K. 
Immediate reaction occurea preciiitating a dark brown solid (IV) 
which was collected by filtration, thorouthly washed with 
benzene and pumped dry (2.67g). 1 .25g of the product was treated
■z
with ~50cnr KeCK, giving a red solution and an insoluble 
black residue (V). Removal of the insoluble solid followed 
by removal of solvent from the filtrate yielded an orange-red 
solid (VI) (1.83g8lx). The orange-red product was insoluble 
in non-coordinating solvents but soluble with reaction in 
coordinating ones. 1.25g of dark brown solid (IV) were treated 
with T.H.F. in a similar fashion and a red solid (VII) isolated. 
Dark Brown Solid (IV)
Infra-red Data (cm-1; nujol and H.C.B. mulls) 800(m) 725(s)
360(w,br) 300(vw,br) 198(s,br)
Chemical Analysis (O  Found S:25.28 Calc'd for Ti?S,
S:2b. 10 .
Orange-red acetonitrile complex (VI)
Infra-red Data (cm-1; nujol and H.C.B. mulls) 29ib(w)
2920(m) 28A0(w) 2305(..) 2260(m) 22f2(w,ah) 173Um)
270(w) 1S5(m)
Date ( cfppm; jpf TFb; c\eCN solution) 2.08 (singlet) 
Chemical analysis (.) Founc 0:26.80, H:3.86, K:15.00,
01:25.¿-6, Vi.T(Osmometric in L'eClO :291, Calc'd for 
C6HgIi,Cl2,£Ti, 0:26.30, H:3.31, 1015.33, 01:25.88, L'.,T:2 71.
Orange tetrahydrofuran complex (VII)
Infra-red Data (cm-1; nujol and H.C.B. mulls) 2950(s)
2860(s) 16l.0(w) 1U5(s) U10(v.) 1362(m) 132.2(m) 1300(m)
1255(vs) 1170( v.) 1090(vs,sh) 1072(vs) 1036(vs) 1015(vs)
915(m) 6fO(vs) 720(vs) 665(m) 5t-0(m) 365(vs,br) 325(vs,br)
272 (v.) 198(m)
Data (dppm; ref TMb;■ d\eCK solution) 1.1.9(1),
1 .71.(2), 3.35(1) 3.58(2)
Chemical Analysis (*) Found 0:39.06, H:6.71, 01:19.05,
Calc’d for 01 ^ ^ 0 , 0 1  r,STi, 0:39.25, H:6.59, 01:19.31.
7  7
b) TiCl, (2cm ;1&.2mmols) was dissolved in benzene (~1COcn>)
u
then UeCN(1.50g;36.51anmols) slowly added to give
7
[TiGl^OdeCiOg) as 6 slurry in benzene.(fe^Si^S (l.cm , 19.1
7
mmols), dissolved in benzene (~150cm ), was slowly dripped 
onto this slurry. The orange precipitate formed initially 
turned dark brown overnight. The product (VIII) was collected 
by filtration, washed with benzene and pumped dry (f.09g,96O 
Treatment of the brown solid with excess I'eON follo.ee by 
removal of solvent gave a red solid shown by analysis ana i.r.
I670(m) 1570(m) UOO(m) 1360(h.) 1295(m) 1257(m)
1210(m) 1085(e ) 932(m,sh) 880(s ,br) 8 i0 (s ,b r )  750(s ,br)
720(m,sh) 6l5(m) 5^5(vs) f&5(w) f.OO(m, sh) 363(s) 325(vs)
data to be identical to (VI) prepared in (a).
Dark Brown Solid (VIII)
Infra-red Data (cm- ;^ nujol anc H.C.B. mulls) 2950(vs)
2920(s) 2850(w) 2308(s) 22d0(s) 1585(w,br) UOO(v.)
1355(m) 1020(m) 913(m) 8l0(w) 550(w) 100(s,sh) 376(s)
320(m,sh)
1 5 *7Data (dppm; ref TVS; d^ pyridine solution)
1.98
Chemical Analysis (*) Found, C:19.96, H:2.16, N:12.62,
Cl:30.92, Calc’d for C^HgHgClgSTi, 0:20.62, H:2.60, N:12.02,
C1:30.U.
7 -Z
c) TiCl^ (1C’"' ;9.10mir.ols) was dissolved in ~100cm l.eC.v, and 
(KejSDgS in a further ~100cm^ LeCK. The two solutions 
were dripped into a flask containing a further «'100cm^ KeCK. 
After complete addition of the reactions the mixture was 
heated at reflux for ~15 hours. A fine precipitate formed on 
heating, and a yellow solid (Ia ) was obtained on removal of 
solvent.
Infra-red Data (cm-1; nujol and H.C.B. mulls) 2980(m)
2930(s) 2310(m) 2260(w) 1715(m) I6l0(m) 1550(m) U80(m)
U05(s) 1365(m) 1285(w) 1255(m) 1220(w) 1100(m) 1010(e)
985(m) 935(m) 890(m) 8l0(m) 800(m) 760(m) 720(m) 620(m) 
510(m) 510(m) 190(m) 370(s,br) 310(s,br) 285(s,br)
1H.N.i:.R. Data (dppm; ref TVS; d\:eCN solution) 2.191 
(d^ pyridine solution) 2.109(1) 2.167(3.5) 1.910(3.5)
5Bii__V.ith bis (cyclopentodienyl) titanium (IV) chloride.
As in 5Aii
53iii iVith zirconium (IV) chloride bis(acetonitrile). 
ZrCl^(2.83g;12.l8mmols) was dissolved in 1'eCN (~100cm^) and 
(Ke^Si)2S(2.95cm^;12.18mmols) slowly added. The ampoule 
was degassed and sealed under vacuum at 96K, a bright yellow 
solution developed on warning to R.T. and after ~3 hours at 
323K a bright orange solid had formed. The orange product
(X) was collected by filtration, washed thoroughly with },!eCN 
and pumped dry. The solid was insoluble in most common 
organic solvents but showed slight solubility in GHCl^.
Infra-red Data (cm- ;^ nujol and H.C.B. mulls) 2960(m)
2920(m) 2305(s) 2280(vs) 1 6 3 0 ( w) . 1580(w) 1473(m) UOO(m)
1353(m) 1260(s) 1087(m) 1031(s) 940(s) 900(m) 845(m) 
795(m,sh) 765(s) 683(s) 6l0(m) 375(m) A00(m) 365(s) 
320(vs,br) 305(s,sh) 260(vs,br)
1H.N.M.R. Data (cfppm; ref TJiS; CDCl^ solution)
1.89(1) -0.04(2)
Ghemical Analysis (£) Found C:12.97, H:1.59, N:5.21, 01:6.36
5Biv Viith tin (IV) chloride.
(KejSiJgSilhCm ;l6.32mmols) was added dropwise to a benzene 
(~130cmj) solution of SnCl^(2cm^;17.33mmols). Immediate 
reaction occurred to precipitate a yellow solid which darkened 
to a mustard yellow colour on stirring overnight. The product
(XI) was collected by filtration, washed with benzene ana 
hexane, then pumped dry (3.l6g;82*). The mustard solid was 
insoluble in all common organic solvents and showed no 
reaction with either F4F, THF, E'SO or MeCK on prolonged
contact at 323K.
Infra-rec Data (cm-1; nujol and H.C.B. mulls) 1270(m)
1090(m,br) 10U)(s,br) 805(s) 730(vw) 350(vw) 325(s) 360(vs)
Chemical Analysis (i) Found, Cl:31.7^, S:15.06 Cslc'd for
Cl2SnS, Cl:32.00, S:U.2J.
5Bv .lith dimethyl tin (IV) chloride.
l^SnClj (5.01 g;22.81 mmols) and (Ke^Si^S (5.50cm3; 
22.7^11013), both dissolved in ~100cm3 benzene were slowly 
added together at 273K. On stirring overnight at R.T. a 
small quantity of white solid precipitated,, further precip­
itation occurred over -10 days. The product was collected 
by filtration and shown by i.r. and 1H.N.M.R. data to be 
cyclo-tris(dimethylstannothiane).
5Bvi V.ith titanium (IJI) chloride tris (tetrahydrofuran).
(Me3Si)2S (1 .¿.5cm3;5.99mmols), diluted with 25cm3 THF was 
slowly dripped into a THF solution of TiClj(0.92g;5.96mmols).
The reaction vessel was evacuated and sealed at 96K, on 
wanning to 323K a grey precipitate and solution developed.
The grey solid (XII) was collected by filtration, washed 
with hexane and pumped dry (0.83g; 62-t). The product was 
slightly soluble in polar solvents such as THF, CHCl^, CH2CI2 
and lieCN but decomposed rapidly in solution leaving white or 
grey precipitates.
Infra-red Data (cm-1; nujol and H.C.B. mulls) 2995(m,sh) 
2975(s,sh) 2950(s) 2935(s,sh) 2898(s) 2870(s,sh) 1U5(m)
1338,(m) 1292(w) 1255(m) 1130(m) 1080(m,br) ¡035(s)
i
1003(vs) 953(w) 920(m) 865(m,sh) 8i-3(vs) 833(vs) 600(¡7., ,-h)
718(w ) 670(m) 333(vs) 325(vs) 299(s) 280(m,sh) 270(c)
Chemical Analysis (-*) Found, C:32.50, H:5.51, C1:16.33,
Calc'd for C6H1201 ^ClSTi, C:32.90, H:5.37, Cl:15.85
5Bvii__.'.ith vanadium (III) chloride tris (tetrehydrofuran).
A mixture (Ye^Si^S (1 .6cm^;6.6mmols), [VCl^(THF)^] 
(2.50g;6.69mmols), and 7HF (~100cm ) v.ere placed in an ampoule 
which was then degassed ana sealed at 96K. The black solid 
(XITT) which precipitated on warming to R.T. was collected 
by filtration, washed with THF and pumped dry (0.23g;1 7.70.
The product was in soluble in all the common organic solvents. 
Infra-red Data (cm ; nujol and H.C.B. mulls) 1255(m)
1080(m,br) 1035(m) 1005(s) 910(w) 8X0(s,br) 800(m,br)
Chemical Analysis (*) Found, V:2A.2, S:57.9, (chloride
analysis proved unreliable) Calc'd for CIVS^, V:23.7, S:59.8.
5Bviii 7,ith chromium (III) chloride tris (tetrahydrofuran).
A mixture of [CrCljOrHF)^) (A.11g;10.96mmols) dissolved in 
TKF M O O c m 5) and (KejSi)gS (2.60cm5;10.73mmols) was rlsced 
in an ampoule, which was then evacuated and sealed at 96K.
On warmdng to 323K a dark brown solid (XIV) slowly formed, 
which was collected by filtration, washed with TRF ana hexane, 
then pumped dry (1 .A3g;58.5/0 • The product was slightly 
soluble in TFF and DMSO.
Infra-red Data (cm nujol and H.C.a. mulls) 2990(s) 
2950(s,sh) 2913(m, sh) 2860(m) U55(m) U25(w) 1393(w)
1310(w) 1270(s,sh) 1260(s) 1173(w) 1103(e) 1080(s) 1030(m)
970(w) 875(vs) 733(m) 730(m,sh) 690(w) 660(w) 363(s,sh)
34.0(vs,br) 310(m) 285(w)
~*K.H.?...F. Data (dppm; ref T1!S; D’.CSO solution) 
3.595 (1) 1.759 (1)
Chemical Analysis (*) Found, C:28.30,
S:13.23, Calc’d for C6H1201 ,ClCrS, 0:31.67, H 
Cl :1 5.58, S:U.09.
Cl:15
5.27,
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5A Reactions of hey°methvldisiloxane 
5Ai iVith titanium (IV) chloride.
Titanosiloxanes form an important section of silicon
chemistry in general. Much discussion concerning synthetic
methods and possible industrial uses has appeared in both
the chemical journals and the patent l i t e r a t u r e . ^
Tetrakis(trialkylsiloxy) titanium (IV) compounds can be
easily prepared by a variety of routes but the most common
exemplified below:-
TCHUie^SiOH + TiCl^---—  3 - (Me,SiO),Ti 5 A- + ANH^Cl
AEt^SiONa + TiCl^ ------ (EtjSiO)^Ti + ANaCl
APhjSiOH + Ti(03un)^--- — v(Ph,SiO).Ti 5 A + ABu^H
By controlling the stoichiometry of the reaction between 
trimethylsilanol and tetrakis(isopropoxy) titanium (IV), it 
is possible to prepare mono- and bis-(trimethylsiloxy) 
titanium (IV) alkoxides as well as the tetrakis (trimethyl- 
siloxy) titanium (IV) c o m p o u n d . A  series of (trialkyl- 
siloxy) titaniun<IV) halides of the type (R^SiO)nTi*(g_n)
(n-1,2,x=Cl,Br) have been obtained by reaction of hexaalkyl-
disiloxanes with titanium (IV) halides, in the presence of
. , . 351,352 Further substitution was reportedAlOl^ as cfltsiyst•
not to occur, unless FeCl^ was used instead of AlCl^, when 
complete cleavage of the disiloxane occurred, giving (Ti09)n . 
Yastrebov calculated the three equilibrium constants for 
the sucessive replacement of chlorine atoms from TiCl^ by 
(Ye,SiC) groups from (Yc-oi) 0
(Me3SiO)(._1)TiCl + (Ke3Si)20 s = i l i e 3SiCl +
(^e3SiO)jTiCl(^  }
However since the information on the actual chemical species 
in these systems, suggested and/or involved, was scant we 
felt a further investigation was in order. In our study the 
reaction was conveniently studied by proton N.l'.R. in three 
ratios [TiCljJ : [(Ye^Si^Oll :1,1 :2 and 1:2..
Equimolar proportions of the reactants were directly 
mixed in an N.M.R. tube, and sealed. Spectra were recorded 
over a period of fifteen minutes (Fig 5.7) by which time the 
O.'e^Si^O had been totally consumed. By reference to the 
spectra of known samples of (I'e^Si^O (0.065 6ppm) and 
lie^SiCl (0.2.02. dppm), the high field signal, was assigned to 
(Me^Si^O and that at 0.398 <£ppm to Me^SiCl. In the absence 
of the appearance of a third peak during the course of the 
reaction, it would seem that the initial product of the 
reaction, 11,'e^SiOTiCl^], hss the same chemical shift as Ke^SiCl.
TiCl^ + (Me3Si)20 ----?• Ke3SiOTiCl3 + Me^iCl
A sample stored, under nitrogen, for several weeks showed 
no further change in its ^H.N.L!.R. spectrum.
With molar proportions of 1:2 ([TiGl^l:t(Me^Si)20 ]), the 
reaction proceeds more slowly and unreacted (I.ie^ Si)^0 is 
still present after two days (Fig 5.8). Initially, two peaks 
are seen as before, but after approximately forty minutes 
the signal at 0.398 dppm begins to broaden 8nd eventually 
splits into two singlets, viz. that at 0.2,12<Jppm due to
- 17, -
Fig. 5 7.  ^H.NMR spectra  
of a mixture of Ti Cl, ♦
(Me3 Si)20
6 ppm
» I ...
iie,SiCl and some l'e,SiOTiCl, and that at 0.326 ¿ppm dus
-> 3 j
to a third product , (Ke^SiO^TiClg
TiCl^ + 2U'e3Si)20 ---» Cl3TiOSiMe3 + MejSiCl +(Me3Si)20
------ > Cl2Ti(OSiMe3)2 +2Me3SiCl
After another ten days a white solid slowly begins to precip­
itate, and ^H.N.K.R. spectrum of the residual liquid shows 
a decrease in the intensity of the signals at 0.326 and 
0.065<5ppm relative to that 0.4-1 2<fppm. After approximately 
one month only two peaks at 0.4-12 and 0.067 <5 ppm remain, 
indicating further reaction:-
Cl2Ti(OSiKe3)2 ---* pj-[(L;e3Si0)Ti(0)Cl]n + IfejSiCl
A 1:4- mixture behaved similarly, (Fig 5.9) with precip­
itation of a white solid over several weeks. The residual 
liquid exhibited two resonances due to MejSICl and unreacted 
(!Ae3Si)20. It seems unlikely that either the tris or tetrakis 
(trimethylsiloxy) derivatives are formed under these conditions, 
since no new resonances were observed and unreacted (Ke3Si)20 
remained after complete reaction.
The mono(trimethylsiloxy) derivatives, MejSiOTiClj , was 
isolated by fractionally distilling an equimolar mixture of 
(Me3Si)20 and TiCl^,Me^iCl and a colourless liquid (I),
ident i f ied  as T.IejSiOTiCl^ were obtained. A third product 
was also obtained as an intractable blue-black solid in the 
distillation vessel, indicating thermal decomposition. The
colour less  l iquid (I), boiling Point ¿33-4-53K/760 nir. Hg, 
exhibited one s in g le t  at  0.370<Sppm in i t s  1H.N.1.:.R. confirming
15 mins
O
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the chemical shift observed previously in the 1H.N.M.R.
investigation. The infra-red spectrum (Table 5.6) is consistent
with the assignment of the compound as Me^SiOTiCl^ . In
particular, the extremely strong band at 170cm“1 is
characteristic of terminal (Ti-Cl) stretching mode for
76 555tetrahedral titanium species. * Complexes containing 
Ti-O-Si linkages have been shown to exhibit two characteristic
i.r. absorptions, ftn intense band about 900-950 cm“1 and a
second weaker band in the 600-500 cm“1 region. 326,351,356-361 
Table 5.7. Silicon- Oxygen and Metal-Oxygen stretching 
frequencies for selected alkylsiloxymetal compounds.
Compound v<Si-0)(cm”1) viM-OKcm“1) Ref.
T K O S i M e ^ 918 517 355
TKOSiMe^t)^ 915 515 355
Ti(0SiMeEt2), 915 510 355
Ti(OSiMe2Prn)^ 917 521 355
(C5H5)2TiC1 (OSiMe3) 939
358
(C5H5)2TiCl(OSiPh3) 951 358
(C5H5)Ti(OSO.'e3)3 908 358
[Al(0SiEt3)3l2 1061 638 355
810 589
519
K0SiMe3 980 359
(Me3Si)20 1055 312
i
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Two absorptions (950(vs) and 635(s) cm-^) can be located
in the infra-red spectrum of (I) (l'ejSiO)TiClj, assigned to 
(Si-0) and (Ti-O) stretching modes respectively.
The white, air-sensitive, insoluble solid (II), precip­
itated on the reaction of (Ke^Si^O and TiCl^(2:1 and i:1 
molar proportions) analyses for l(MejSi0)Ti(0)Cl]. A molecular 
weight determination was unobtainable due to insolubility 
in any of the common organic solvents. An intense infra-red 
absorption at W O  cm-  ^ in the infra-red spectrum of the 
compound (Table 5.6) is attributable to a terminal ^(Ti-Cl)
3 5 1  3 5 5
stretching mode for a tetrahedral titanium (IV) species. * 
Polymerisation via bridging chlorine seems unlikely, therefore, 
but the presence of bridging oxygen atoms cannot be ruled out. 
The two bands at 985(vs) and 950(m) cm-  ^ are tentatively 
assigned to (Si-0) stretching modes, and are comparable to 
values observed in other alkylsiloxy metal compounds. *
351-,356-361 (Table 5,7), Polymerisation via bridging oxygen 
atoms, whether to form heterocyclic (A.B) or chain-like(C) 
structures, seems highly likely.
_A_
acceptor complexes with DYSO,DliF,THF, pyridine and dioxan 
failed. No reaction occured with these strong donors up 
to their boiling points.
A similar complex, I(C^H^) TiOCl]^, discussed in the
introduction, has been shown by an x-ray structure determinat-
321 322ion to be an eight membered (Ti-0) heterocyclic system. * 
Without a molecular weight a n d /  or crystal structure deter­
mination it is impossible to say whether or not our compound 
has a similar structure.
It is of interest to note that a yellow colouration 
was observed, initially, on mixing (Ke^Si^O and TiCl^, which 
rapidly disappears. This is interpreted as the formation of 
a donor-acceptor complex (step a)eg. [TiClj^iMe^SiJgO^l» 
prior to halide replacement (step b). Halide exchange may 
occur through either, an intra- or inter-molecular pathway:-
a) T iC l^  ♦ 2(Me3Si)2 0
Cil 0 (S iM e 3)2 
C l— Ti— Cl
b)
Cl
Cl
intramolecular j C l3T i(O S iM e3 )
Me3 SlCl
♦
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MejSiO
Me^iO Cl
cis Jcy-2TiC
T i— CT XCl
/ OSfMe3
bsiMe.
B
M e3SIO
J \  y 0
c ' \  / q /  ^
Ti
M e 3S iO ^  \ ) S iM e 3
Ti
/  \ Cl
For the complexes [ClgTiiOJL ] (L=’^ eCN,THF,C^H^Q0f0.5C^H^Q02 and 
0.5 bipy) evidence suggests that the most likely structures 
are oxygen-bridged dimers or polymers. They exhibit infra-red 
bands in the region 790-895cm“1 attributed to (Ti-0) 
stretching modes.J The bis(trimethylamine) adduct,
[ClgTiOiMejJgland its vanadium analog,36^,365 however are 
monomeric. This titanium complex exhibits an infra-red band 
assigned to v-(Ti-O) at 976cm”1. It is unfortunate that for 
our complex, the (Si-0) stretching modes are also located 
in this region prohibiting unequivocal assignment of a 'f(Ti-O) 
mode. Bridging Ti-O-Ti groups have been shown to absorb in 
the region 700-800cm”1, for example t(C^H^) TiOCl^^1: 800cm”1 
and [(C^H^TiCl^O 790 and 720cm”.1 In our complex
a band is observed at 755cm”1 due partly to '»’(Si-C) 
and methyl rocking modes, which may also contain a contribution 
from a bridging -v(Ti-O) mode. Attempts to prepare donor-
acceptor complexes with DYSO,DliF,THF, pyridine snd dioxan 
failed. No reaction occured with these strong donors up 
to their boiling points.
A similar complex, t(C^H^) TiOCl]^, discussed in the 
introduction, has been shown by an x-ray structure determinat-
T2i 322ion to be an eight membered (Ti-0) heterocyclic system. * 
Without a molecular weight a n d /  or crystal structure deter­
mination it is impossible to say whether or not our compound 
has a similar structure.
It is of interest to note that a yellow colouration 
was observed, initially, on mixing (Me^SiJgO and TiCl^, which 
rapidly disappears. This is interpreted as the formation of 
a donor-acceptor complex (step a)eg. [TiCl^OiejSiJgO^l» 
prior to halide replacement (step b). Halide exchange may 
occur through either, an intra- or inter-molecular pathway:-
a) T iC l^  ♦ 2(Me3Si)2 0
C|l ,0 (S iM e 3)2 
C l— 'Ti —  Cl
C l
b)
‘.Cl
Cl Si Me.
intra molecular j Cl3T i(O S iM e3 )
♦3
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Cl
Cl I ,SiMe_
ri Ti%9x''~ -  3
- tc ïî î SÎM"*3'‘ intermolecular # Cl3Ti(OSiMe3)
Me35 i'  Cl
Me3SfCl
Depending on tne molar ratio of (V.e^Si^O to TiCl^, more 
highly substituted products may be obtained (eg. steps c and d)
c) Cl^Ti (OSiMe^) + (Me-jSi^O
d)  >. C l2Ti(OSiMe3)2 + Me3SiCl
The bis (trimethylsiloxy) titanium (IV) chloride formed is 
unstable with respect to further halide replacement (step e)
e)
OSiMe,
Çlf jv ' Îo^S iM e-j  
Cl/ \ fc\ ' 
M e S i i ^ - y > C t
-  [(Me_Si0)TiCl(0)]_ n 3 n
Cl
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5Aii With bis(cyclopentadienyl)titanium(IV) chloride.
No reaction occurred on prolonged heating of a mixture 
of (!iejSi)20 and (C^H^gTiClg in boiling benzene. This is in 
contrast to the behaviour of TiCl^, presumably due to the 
stabilization of the Ti-Cl bonds by the presence of the electro 
accepting cyclopentadienyl groups, liono-and bis-(alky or 
aryl-siloxy) derivatives of (C^H^JgTiClg have been prepared 
however by reaction with a silanol in the presence of a base 
or with a sodium siloxide:-^^’^ ^ * ^ ®
(C5H5)2TiCl2 + R^SiOH— *■(C^H^JgTi(OSiRj)Cl+HCl
(C5H5)2TiCl2 + 2R3Si0Na-*(C5H5)2Ti(0SiR3)2+2NaCl
5Aiii With zirconium (IV) chloride bis-acetonitrile.
Reaction of (HejSiJgO with [ZrCl^(MeCN )21, in MeCN 
yielded a white air-sensitive solid (III). The most likely 
formulation for this product is [ Cl3Zr(OSiYe3) .MeCN]n, where 
n>  2, in lieCN solution. A molecular weight determination 
in MeCN gave a value of 828, c.f. the molecular weight for 
the monomer is 328, indicating some degree of association in 
this solvent.
The ^H.N.H.R. spectrum of a CHC13 solution of the product 
contains two resonances in the correct intensity ratio 
(1 .901(1 ) and -0.032 (3)ippm). ?he low-field signal is 
attributed to coordinated l!eCN and the other to the (HejSiO) 
protons. The i.r. spectrum also confirms the presence of 
coordinated YeCN, in particular the v^C=N) modes(2100(s) 
2378(vs) 2310(m,sh) cm 1) exhibit the expected high frequency
-  182k -
shift.292,369 jjands 36o(vs) and 290(vs) cm- 1  are assigned
to (Zr-Cl) stretching modes (Table 5.8).
Table 5.8 Low infra-red absorptions for [Cl^Zr(OSil;?e^)MeCN] 
and related compounds.
Complex Low i.r. absorptions (cm-1)
[Cl3Zr(OSiMe3)MeCN] 
After exposure to air 
ZrClj^ 570 
ZrCl^(MeCN)2370
2.00(111, sh) 360(vs) 290(vs) 
2.00(w,sh) 360(m,sh) 315(vs) 
2.05(s) 3 9 2 ( s ) 309(m) 297(s) 
362(s) 32k3 ( s ) 3 U ( s ) 298(m)
Many trimethylsiloxy metal derivatives have high molecular 
weights in solution, association occuring via bridging 
oxygen atoms
Zr(OSiMej)^ is typical in this respect. 371 ,372 It seems 
likely, therefore, that the white product (III) [CljZr(OSiMe^l 
MeCN 1, is also associated in solution as indicated by the 
high molecular weight value obtained. Although the molar 
ratio was chosen to favour the formation of a bis-substituted 
derivated no evidence was found for such species. Reaction
of both 1:1 and 1:2 ( ZrCl^): (Me^Si^O molar proportions 
lead only to a mono-substituted product. ZrCl^ is a poly­
meric solid, to aid reaction the soluble, monomeric adduct 
[ZrCl^dieCNjj]was used. Although reactivity is generally 
enhanced by using such monomeric adducts, it seems that in 
this case further reaction is not favoured. In comparison, 
TiCl^ is very reactive being monomeric and coordinatively 
unsaturated, and fortuitously, reaction with (Tle^SD^O can be 
carried out by simply mixing the two liquids. The reaction 
is fairly slow but does yield various substitution products, 
as previously described.
5Aiv »Vith tin (IV) chloride.
SnCl^ has been reported to yield MeSnCl^ and chloro
derivatives of the type RSiMegCl (where R=Me or an» extension
of the siloxane chain) on reaction with (Me^Si^O at 5A3K.
Methyl chloride is also abtained, arising from partial
decomposition of MeSnCl^. Our results confirm the formation
of MeSnCl, at 323K as well. No evidence for the formation 3
of Me^SiCl could be found.
(Me3Si)20 + SnCl^--- i-MeSnClj + (ClKegSiOSiMe^)
This is in complete contrast to the behaviour of TiCl^, the 
difference has been ascribed to the higher acceptor capacity 
of the t i t a n i u m . T h e  titanium draws away the unshared 
pair of electrons of the siloxane oxygen, decreasing the (p-d)n 
bonding, hence weakening the Si-0 bond and favouring Si-0 bond
u  6
complex prior to halide replacement appears to be an important
step in the reaction of (Me^SiJgO with these covalent metal
halides. Chromium (III) species, in general, are kinetically
inert and undergo ligand substitution reactions only very
slowly. Often trace quantities of reducing agents are added,
to give labile Cr(II) intermediates, as catalysts for these
reaction. In the case of CrCl^, the Cr(IT) ions can undergo
electron-transfer with the inert Cr(III) ions in the solid
CrClj via chlorine bridging, enabling Cr (II) sites to be
formed which can then leave the solid. If this mechanism is
not possible, then the ligand must be strong enough donor
to either break down the CrCl^ lattice or undergo ligand
exchange with a soluble complex:-
CrClj + xs L-- ►[CrCl^Ljl
[ CrCl jLj ] + xsL'-- ► [ CrCl^Lj'] + 3L
With (Ke^Si^O, the weak donor character of the oxygen
atom does not facilitate the break down of the halogen
bridging in the CrCl^ lattice nor ligand exchange reaction
with lCrCl^(THF)^]. Fven if some species with coordinated
(j.:e^ Si) 20 were present, the rate of substitution is expected
to be extremely slow. The lability of the Cr-Cl bond is not
very high and even with TiCl^, in which the Ti-Cl bond is
labile, reaction with (Ke^SDoO has been shown previously
to be fairly slow.
5/.v it.h chromium (lil) chloride.
ao reaction occured, at 323K, between (liejbiJgO and
either CrClj or lCrCl^(THF)^] . Formation of a donor-acceptor
5B Reactions of hexamethyldisilathiane:- 
5Bi With Titanium (IV) Chloride.
Reaction between titanium (IV) chloride and hexamethyl- 
disilathiane proceeds extremely repidly, even at 96K. In a 
non-coordinating solvent, a dark brown solid (IV) - polymeric 
dichloro titanium (IV) sulphide, contaminated with a small 
quantity of a titanuim sulphide - is obtained. Treatment 
of this reaction mixture with a strong donor solvent, breaks 
down the polymeric lattice of (ClgTiS^ giving soluble monomeric 
adducts [ClgTiS. 3L) . The titanuim sulphide impurity (V) is 
insoluble and is removed by filtration.
Alternatively, blocking the empty coordination sites 
of TiCl^, for instance by using the bis-acetonitrile adduct 
TiC1^.2MeCN , prior to reaction with (Me^Si^S in an inert 
solvent allows the. bis-adduct [Cl^TiS. 2MeCN]to be isolated.
.The reaction is still extremely rapid and the product is 
easily converted to the tris-adduct with an excess of donor 
solvent.
- 187 -
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Little is known about the chalcogenide halides of group 
IV A, only compounds with titanium having been isolated. 
Preparation of dichlorotitanium (IV) sulphide, ClgTiS , 
using H2S has been reported but yields are low:-^**
TiCl^ + H2S ----* TiCl^.H2S -- 2Z2H. ci2Ti£ - TiS2
Very little data is available for this compound. <*e have 
shown that (Cl2TiS)n can be prepared relatively easily from 
reaction of TiCl^ with (ire^SDjS. Cleavage of the Si-S 
bonds readily occurs, and the reaction is very rapid in a 
non-coordinating solvent:-
TiCl^ + (ye3Si)2S — benzene^  (ci^TiS) + 2ye3SiCl 
The chemistry of titanium is dominated by its strong prefer­
ence to obtain octahedral coordination and consequently 
(Cl2TiS) is assumed to be polymeric via bridging halogen 
and/or sulphur atoms. Low infra-red absorptions at 375(s) 
350(s,br) and 280(w) cm-1 in the solid state spectrum of this 
compound might well contain contributions from both (Ti-S) 
and (Ti-Cl) stretchinE modes. The likelyhood of a complex 
solid state structure debars formal assignment of the bands.
Adducts of dichlorotitanium (IV) sulphide were readily 
prepared by treatment of the solid with an excess of a donor 
solvent. In this way the adducts [ClgTiS .3VeCN] and 
[Cl2Ti£.3THF 1 were prepared. The bis-acetonitrile adduct 
was prepared by using TiCl, .2i:eCN as starting material and 
could be converted to the tris-adduct by addition of excess 
acetonitrile. The infra-red spectra (Table 5.9) show the 
presence of coordinated solvent and low infra-red absorptions 
assignable to (Ti-Cl) and (Ti-3) stretching modes. In the
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Little is known about the chalcogenide halides of group
IV A, only compounds with titanium having been isolated.^*
Preparation of dichlorotitanium (IV) sulphide, ClgTiS ,
375using H 2S has been reported but yields are low:- '
TiCl^ + H2S --- * TiCl^.H2S ---222^ ci2TiS >U)9K > TiS2
Very little data is available for this compound. Y*e have 
shown that (Cl2TiS)n can be prepared relatively easily from 
reaction of TiCl^ with (Ke^Si)2S. Cleavage of the Si-S 
bonds readily occurs, and the reaction is very rapid in a 
non-coordinating solvent:-
TiCl^ + (Ve3Si)2S — benzene.-» (Cl2TiS) + 2Me3SiCl 
The chemistry of titanium is dominated by its strong prefer­
ence to obtain octahedral coordination and consequently 
(Cl2TiS) is assumed to be polymeric via bridging halogen 
and/or sulphur atoms. Low infra-red absorptions at 375(s) 
350(s,br) ana 280(w) cm-1 in the solid state spectrum of this 
compound might well contain contributions from both (Ti-S) 
and (Ti-Cl) stretching modes. The likelyhood of a complex 
solid state structure debars formal assignment of the bands.
Adducts of dichlorotitanium (IV) sulphide were readily 
prepared by treatment of the solid with an excess of a donor 
solvent. In this way the adducts [ClgTiS .3KeCN] and 
[Cl2TiS.3THF] were prepared. The bis-acetonitrile adduct 
was prepared by using TiC1^.2V.eCN as starting material and 
could be converted to the tris-adduct by addition of excess 
acetonitrile. The infra-red spectra (Table 5.9) show the 
presence of coordinated solvent and low infra-red absorptions 
assignable to (Ti-Cl) and (Ti-S) stretching modes. In the
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bis-adduct the low infra-red bands occur at slightly higher 
frequencies to that of the tris adduct. The tris-adducts are 
almost certainly monomeric, octahedral complexes(£), the 
positions of the low infra-red bands being characteristic of 
(TiCl) stretching modes for octahedral Ti(IV) species.^
I S
L ----- Ti — — Cl
c d
L
In the bis-adduct, polymerization via chlorine 8nd/or sulphur 
bridges (for example B and C ) is a.possible alternative to 
a monomeric, five-coordinate structure (D).
L
C l ^  i
-Ti
1
Ti:
cr j
L
Cl ^ 1
^ T i = S
C l ^ Î
L
D
-ci
'C l
clx l ^ L
l ^ K ci
a y <L ^  I ^ C l
I ^ C l  s
I
_C_

The similarity of the positions of the low infra-red bands 
of the bis- and tris- adducts suggests the former in the solid 
state. For comparison the oxygen analogues [ClgTiOLgl,
(where L = MeCN and THF) are thought to be oxygen bridged 
dimers or polymers, exhibit low infra-red bands at VlO(sh) 
and 328(m) cm-^. The bis (trimethylamine) adduct, in contrast, 
is monomeric, as shown by a crystal structure determination, 
and absorbs at iAO(m) VlO(m) 329(m) 300(sh) and 279(m-s)
cm-1 362,363 The (Ti-O) stretching frequencies were reported 
to occur at 893 and 976 cm-  ^ for the polymeric and monomeric 
complexes, respectively. In the case of the monomeric complex, 
replacement of the oxygen by sulphur would be expected to 
shift the y(Ti=X) band to the 650 cm-1 region, assuming a 
similar force constant. The bands at 6l5(m) and 665(m) cm”"* 
for the acetonitrile and tetrahydrofuran tris-adducts, 
respectively, sre tentatively assigned to this mode. There 
are no bands in similar Dositions.in the bis-acetonitrile adduct 
consistent with the change from a monomeric, (Ti=S) containing 
complex to a sulphur bridged, polymeric species.
In an attempt to slow the reaction between TiCl^ and 
(Ke^Si^S even further, with a view to discrete ring formation, 
(Me^Si)r,S was added dropwise into an acetonitrile solution 
of TiC1^.2MeCN. No obvious immediate reaction was observed 
but a very fine precipitate was formed on refluxing for 
several hours. The precipitate could not be filtered from 
the solution as it was too fine, removal oi' solvent by vacuum 
distillation gave a yellow solid (Jw). This product was
- 1,1 -
shown to contain coordinated MeCN by infra-red and ^H.N.M.P. 
spectroscopy. Its mass spectrum contained lines of higher 
m/e values than tb.c for the molecular ions of both 
TiCl^.(MeCN)^ IClgTiS.iMeCN)^]. The highest m/e values 
observed appeared at ~i.60, which might correspond to 
l \ci2TiS.(MeCN)2\ 21+ (m/e = ^6t).but no fragmentation pattern 
corresponding to this complex could be determined. Without 
further purification to ensure removal of unreacted TiC1^.2MeCN
and any other side products further characterization of the 
yellow solid could not be attempted. Unfortunately the product
exhibited the same solubility as the parent compound and 
attempted separation by column chromatography only lead to 
hydrolysis.
It would seem that ring formation in this system is 
unfavourable. Choice of conditions to favour ring formation, 
eg. dilute solutions, slowing reaction rates via blocking of 
the coordination sites of the metal and by use of low temper­
atures, only gave highly polymeric or monomeric species.
The product (Cl2TiS)n being of the former type, giving novel . 
adducts, [Cl2TiS.3L ] , of the latter type with strong donors 
(eg. L=THF or MeCN).
5Bii With bis (cyclopentadienyl) titanium (IV) chloride.
No reaction was observed between (C^H^)TiCl2 ana (MejSi)2S 
at 353K. This is surprising since the Si-S bonds of Me^SiSR
type compounds undergo fission with various transition-metal
halides including (C^H^TiCl^.52^
(C5H5)TiCl2 + 2Me3SiSPh— *(C5H5)2Ti(SPh)2 + aiejSiCI
2NiCl2 + ^ e 3SiS: e-*.l[lii(SKe)2] 6 + filNKSMe)^
t 2Me3SiCl
5Biii .Vith zirconium (IV) chloride bis (acetonitrile).
Addition of (I'SjSiJgS to a KeCN solution of [ ZrCl^iKeCN)^
lead to the formation of a bright orange solid (X) which has 
not been fully characterized. Analytical data was inconclusive, 
although a low chloride analysis suggests that halide replace­
ment occurs. Infra-red and ^H.N.M.R. spectral data indicate 
coordinated KeCN, exhibiting absorptions at 2305(s) and 2280(vs) 
cm~^ in its i.r. spectrum and a resonance at 1.89 ppm in its 
proton N.K.R. spectrum. The ^H.N.U.R. spectrum also contains 
a second resonance ( -O.CH.<5ppm), in the region expected for 
MeQSi - groups, possibly due to linkages of the type (Me3Si-S-Zr) 
This work is incomplete as it is being further studied in this 
laboratory. Since we have shown that (Me3Si)2S provides a 
useful route to the complexes CljTiS.Lj (L=MeCN or T.H.F.), 
further work is being carried out with the view of preparing 
other novel halogenosulphides, eg by reaction with T*C1^, 
M0C1,,VC1, etc. Further analogous halogenoselenides may be 
possible by using (Ke3Si)2Se.
5Biv V.ith tin (IV) chloride.
There are numerous examples of group IVB containing 
h e t e r o c y c l e s . A l t h o u g h  there are very few confirmed 
examples of tin-oxygen heterocycles, there are many rings 
containing alternative tin and sulphur atoms. The majority
of these (Sn-S) rings are organic derivatives of six-membered
rings (E), which are easily prepared from the dialkyl tin (IV)
by an x-ray structural analysis to contain a flat four-membered
It was hoped that reaction of SnCl^ and (Ke^Si^S would 
give heterocyclic products, however the mustard coloured 
product (XI) obtained is almost certainly polymeric. The 
reaction proceeded rapidly in benzene solution, giving the 
product as yellowy-brown precipitate, which analysed for 
(ClgSnS). Insolubility in common organic solvents procluded 
a molecular weight determination. Unlike its titanium analogue, 
treatment with a variety of donor solvents did not give soluble 
monomeric adducts. The low infra-red absorptions at 325 
and 260 cm“1 are attributed to Sn-Cl and Sn-S stretching modes 
Both halogen m a  sulphur bridging seems likely, eg as in (Q).
halides with H2S, NagS or (NH^)2S. 376»378
Et2SnCl2 + Na2S — *i(Et2SnS)3 + 2NaCl
A dimer, (Bu2SnS)2, has recently been synthesised, and shown
(Sn-S) ring337(F).
F
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For comparison, bridging,^Sn-S-Sn), modes have been located at 
365 and 320 cm-1 in other (Sn-S-Sn) containing compounds.**®0 
5Bv With dimethyl tin(IV) chloride.
Confirmation that (Me^SiJgS could be used to prepare 
heterocyclic componds was provided by the formation of the 
cyclic trimer (MegSnS)^ on reaction of Me2SnCl2 with (Me^Si^S:- 
Me2SnCl2 + (Me2SnS)3 + 2Me3SiCl
The reaction proceeds more slowly than the analogous SnCl^ and 
TiCl^ reactions.
53vi With titanium (III) chloride tris (tetrahydrofuran.)
(Me^SiJjS reacts with [TiCljCTHF)^]in THF solution,
giving a charcoal grey precipitate (XII). Purification of
the product was hampered by its extreme air/moisture sensitivity.
However infra-red evidence confirms the presence of coordinated
_1 •
THF, with the characteristic absorptions at 1035 and 1005 cm 
due to nt (C-O-C). Low energy bands at 355(vs) 325(vs)
3 S
295(s,br) and 270(s,br) cm”1 are assigned to -r(Ti-Cl) and ^(Ti-S) 
modes. Analytical data was not conclusive but a formulation
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[ClTiS(THF)1 is suggested end a polymeric structure likely. 
5Bvii V.ith vanadium (11T) chloride tris(tetrahydrofuran).
Treatment of a THF solution of [ VCl^(TKF)^] with (Me^SiJgS 
resulted in the surprising formation of a black insoluble 
vanadium sulphide (XIII). Wo coordinated solvent was present. 
Analytical data suggests the formulation [ClVSjJ , however this 
limited data must be treated with caution. The chloride 
analysis was variable, probably due to interference by the 
sulphide. Structures based on sulphur and/or chloride 
bridges to give polmeric networks are envisaged.
5Bviii .ith chromium (ITT) chloride tris(tetrahydrofuran)
A brown solid (XIV), which analyses for [ClCrS(THF)1 , 
was obtained on reaction of THF solutions of [ CrCl^(TnF)^] 
and (lie^Si^S. Coordinated THF was confirmed by i.r. spectral 
data, in particular the characteristic v* (C-O-C) bands 
(1035 and 1015 cm-1). Additional evidence was furnished by 
its proton N.li.B. spectrum, which exhibited resonances, of 
equal intensity, at 3.595 and 1 ,759fippm. Low i.r. absorptions 
at 365(s,sh) 3L0(vs,br) 310(m) and 285(w) cm-1 are attributed 
to terminal and bridging (Cr-Cl) and (Cr-S) stretching vibra­
tions. As with its Ti(III) analogue a complex polymeric
structure seems likely.
C HAPTER SIX
REACTIONS OF BIS(CYCLOPENTADIENYL) BIS(ETHANETHIOLATO)- 
TITANIUM (IV) WITH COVALENT TRANSITION METAL HALIDES 
-ATTEMPTED PREPARATION OF MIXED-VALENCE COMPOUNDS.
INTRODUCTION.
Mixed-valence systems are of interest because their
properties are rarely just the sum of the properties of the
different metal ions. For example many show unusually intense
colourations, the best known of which is probably deep blue
KFeIIIFe'[I(CN)g formed by reaction of rale yellow K^FeI^(CN)g
and Fe2I‘I(S0^)j. Other maybe electrical conductors, eg
LixWx'«Y^ x)Oj, whereas their constituent ions are insulators.
381Robin and Day proposed a classification of these 
compounds, according to the more or less delocalized character 
of their valence electrons
Class I includes those compounds in which valences are so 
firmly trapped that no interaction occurs and their properties 
are just the sum of the properties of their components.
Class II contains complexes where there is only a slight 
delocalization in the ground state, and, as a first aoproxi- 
mation, different integral oxidation states can be ascribed to 
the constituent elements. However a valence exchange can 
occur through two mechanisms
a) by light absorption, generally in the visible part of the 
spectrum, termed intervalence transfer absorption.
b) by thermal exchange which constitutes an internal homonuc- 
lear redox reaction, ie hopoing.
Class ITT in the other limiting case, compounds exhibit a 
complete delocalization of valence electrons via polycentric 
molecular orbitals and no integer oxidation states can be 
ascribed to the constituent metal ions.
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INTRODUCTION.
lJixed-valence systems are of interest because their
properties are rarely just the sum of the properties of the
different metal ions. For example many show unusually intense
colourations, the best known of which is probably deep blue
KFeIIIFeI*(CN)g formed by reaction of pale yellow K^FeI^(CN)g
and Fe2ITI(SO^)^. Other maybe electrical conductors, eg 
V ¥1^x' ’^x',(Vx)^3, w^ereas their constituent ions are insulators.
381Robin and Day proposed a classification of these 
compounds, according to the more or less delocalized character 
of their valence electrons
Class I includes those compounds in which valences sre so 
firmly trapped that no interaction occurs and their properties 
are just the sum of the properties of their components.
Class II contains complexes where there is only a slight 
delocalization in the ground state, and, as a first soproxi- 
mation, different integral oxidation states can be ascribed to 
the constituent elements. However a valence exchange can 
occur through two mechanisms
a) by light absorption, generally in the visible part of the 
spectrum, termed intervalence transfer absorption.
b) by thermal exchange which constitutes an internal homonuc- 
lear redox reaction, ie hopping.
Class ITT in the other limiting case, compounds exhibit a
complete delocalization of valence electrons via polycentric 
molecular orbitals and no integer oxidation states can be 
ascribed to the constituent metal ions.
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It therefore follows that the extent to which an electron 
can be regarded as being localized at a particular donor 
site in the ground state is of fundamental importance when 
considering these systems. The extent of delocalization 
is dependent on two factors
a) direct overlap of the orbitals of the two metal atoms.
b) metal-ligand-metal overlap, characteristically through 
<r - or *-metal-ligand bonding.
l O n  2 Q 7
Since the reviews of Allen and Hush, J and Robin and
Day, much interest has been shown in mixed-valence compounds
and many examples representing diverse structural types have
been studied.384-»392 The change from ciass u  to class: III
compounds is obviously not distinct, and the series A to c
exemplify the three possibilities of weak (class II), moderate
389 390and strong (class III) interaction. 9
A
B
[(NH 3) 5RvlN5 C-C ; NRu (NH 3) 5 ]5+ 
C
In complex A there is very little interaction between the 
ruthenium atoms. The complex exhibits a  low energy a b s o r p t i o n ,  
which is subject to strong solvent shifts and has the predicted 
half-y/idth exrected for a long range charge transfer process.
Complex B exhibits a similar low-energy band ..hich is
r* lativi 1y nrrr ..v and not opt peciabiy solvent depenendent.
There is evidence of appreciable delocalization in the ground
state, and although the exact nature of this complex is
subject to controversy, there is little doubt that the valencies
are subject to a rapid thermal exchange reaction:-
(Ru (II)-Ru (III)]5% — ir [Ru(IIl) - Ru (II)]5+
390Complex C is of the average valency type. Again there is a 
near i.r. electronic absorption but it is narrower than 
expected for an intervalence band and it is not subject to 
solvent shifts.
The difficulties of interpretation in some of these systems
are well illustrated by the sequence of ferrocene derivatives 
D to F :38^,385,390
! »IffFe
I
Fe
I
G r
1
— Ù
D
<q )-c h ^ q ;
In 1«
Fe Fe
I I
E
^ 6 ) " CMe2 ^
J  ii I m
Fe Fe
I I
< û r ™ eii5}
F
The spectrum of D shows a near i.r. bend as expected for 
a rixed-valence complex. i'his absorption has a shoulder 
and at low temperature is resolved into two bands. Complex E 
has a well defined band ascribed to intervalence transfer but 
with F no such band is observed.
In general, if the ions in a mixed-valence complex are 
in exactly equivalent sites the comolex will be of class III.
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2—However, although the tungsten atoms in [V/^OgClgiHgO)^] 
are crystallographically equivalent, the complex has been
IOQ
shown by Z.S.GA. and E.S.R. studies'' to contain two ’ff(V) and 
two Vi'(VI) ions. The complex is considered to be of class II 
and the electronic spectrum contains two intense bands assigned 
to intervalence V.(V) - 7/(VI) transitions.
One of the distinguishing features of the early transition 
metal is their ability to exhibit various oxidation states 
within a wide range of compounds. Yet mixed-valence systems 
of the elements have been little studied. It has been shown 
that solutions of Ti(III,IV) in concentrated sulphuric acid 
are black, the most intense absorption corresponding to a 
Ti(ITl)Ai(IV) ratio of 1 : 1 . ^  Similarly partial oxidation 
of skyblue Ti(III) solutions in 12MHC1 gives a deep purple
XQI
colouration. The spectra of these solutions were said to
be a sunerrosition of the d-d bands and an intense new band,
the srecies responsible for tne latter, however, have not been
identified. In an investigation concerning the preparation and
spectral properties of complex cyanides of vanadium, a deep
395blue compound, formula [K^VgiCN)^(OH)], was obtained.
Oxidation state titrations gave a value of ~2.7 for the 
oxidation state of the vanadium. This was seen to indicate the 
presence of both V(II) and vanadium in some higher oxidation 
state. The product was not completely characterized 
but was thought to be a class II complex. Chromium may assume 
a wide variety of valences and consequently the possible 
combinations of mixed-valence systems is large, noever
very l i t t l e  work has been carried  out in  th is  a re a . Mixing
iometry of this complex was determined using its interaction
This ability to exhibit various oxidation states was iust 
the situation we wished to exploit in studying the possible 
synthesis of homo- and hetereo- nuclear mixed-valence species 
of the early transition metals, »e hoped to use bis(thioleto) 
metal complexes as ligands to other appropriate metal ions.
A feature of many thiolato-sulphur atoms is their tendency 
to form bridges to adjacent metal ions, ihe use of thiolato
VT 9—C r ( m )  and Cr 0^ in acidic solution lesds to the 
formation of a 111 complex ion [Cr^^ C r ^ 0^]+. The stioch-
absorption band at K ,300cm~1, a class II system is thus 
inf erred.
Cl
(C5H5)2Ti(SEt)2+ MC13L3
397-111
metal complexes as ligands has been well illustrated:-
a) HejGeSPh + Cr(C0)6 Me
b)
(C3K5 ) 2Mb(SMe) 2
Cl
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)2Ti(SVe)2 * C5H5 \
------* ^ ? i
Or-.ir *-*5 D I
Me
Et
)2'.:o(s?t)2 f
---:--> ¿.0
FeJl2 0 r-fl —5 D 1
FeGl„
In these binuclear complexes an interaction between the metal 
atoms may occur. Consider the series (C0)^1
(K=Ti,R=lie,Ph,M'=Yo;M=W,R=PhfM =Cr,Mo,W). The Ti(IV) complex 
exhibits an intense low-energy charge transfer band, overlapping
but distinguishable from the lowest energy absorption in 
C^5H5^2Ti^S'"e^2' indicuting considerable M-M’ bonding.^02 A 
crystallographic study of the complex shows a planar (TiSMoS) 
ring in which the SMoS and STiS angles are obtuse, supporting
1 1  O
evidence for significant Ti-lio interaction (Fig 6.1), in 
contrast the tungsten (IV) complexes (Table 6.1 and 6.2) show 
Table 6.1 Molecular dimensions for the complexes
f —  =J±=.--
w-vr W-Mo 7<-Cr Ti-Mo
K-M' 1.01 1.06 3.93 3.32
M'-S 2.18 2.50 2. ¿.9 2.16
M-S 2.58 2.62 2.19 2.56
s:f,s 72.8’ 72.6* -V
I ro • • 99.9*
/\
s!.:s 69. 1* 69.0* 72.0* 91.6*
/N< mi r t
./.v. • 101.9* 105.0* 101.2* r  .8*
Fi
g.
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no evidence for any metal-metal bonding
Table 6.2 Selected spectral data for the complexes [(C^H^)pV(SR)2
M'(C0)^1and related compounds (cm~1)
Complex sKC-O) Electronic
transitions
[(C5H5)2V,(SPh)2Mo(CO)i] 2010, 1898, 1870 
1850, 181.2, 1817
l(C5H5)2Ti(SPh)2Mo(CO)J 2018, 1930, 1912 
1899,
18600, 16000
[ ( PhSC gH^SPh )Mo( CO ) J 2027, 1905, 1868 None
l(C5H5)2Ti(SPh)2 l - 18600
Vie have studied the reactions of (C^H^)2Ti(SEt)2 with the 
tervalent metal halides of titanium, vanadium and chromium in 
a preliminary investigation into the synthesis of mixed-valence 
compounds. From the limited evidence so far collected for 
this series it seems that ligand exchange occurs rather than 
the formation of the desired mixed-valence species.
EXP- RIMENTAL
Reactions of bis(cyclopentadienyl) bis (ethanethiolato)- 
titanium (IV)i
6i Yi'ith titanium (III) chloride tris (tetrahydrofuran).
TiCl3(THF) 3 (o.7ig;2.00mmols) and (C5H5)Ti(SEt)2(o.66g;2.20mmols 
were placed in an ampoule, then THF( 75cm ) distilled on under 
reduced pressure. The ampoule was sealed under vacuum. The 
purple solution slowly turned red over a period of several days. 
Removal of solvent yielded a red solid from which (C^H^^TiC^ 
could be obtained by recrystallization from CHCl^/CCl^ or by 
column chromatography with carboxymethylcellulose / benzene.
A second grey fraction was observed on the chromatography column 
but could not be isolated.
6ii With vanadium (TII) chloride tris (tetrahydrofuran).
VCl^O.5A-g;9.83mmols) was extracted with THF ( 150cm^)via a 
soxhlet thimble, the brick red solution obtained was added to 
(C^H^TiiSEOg^.OlgjIO.OOmmols) in an ampoule. The ampoule 
was evacuated and sealed at 96K. A brown-red solution developed 
from which a red-brown solid was obtained on removal of solvent. 
Extraction of this solid with either toluene or Et20 gave 
(C^H^JgTiClgd .9g;76>c) and a brown insoluble residue (I).
Brown solid (I).
Infra-red Data (cm-1; nujol and H.C.B. mulls) 31-00 - 3100(s,br)
2955(s) 2920(s) 2860(m) 1o00(m) U85(m) 1U5(m) 1365(m)
1260(m) 1060(w) 102.0(w,sh) 1010(s) 910(w) 850(s) 810(s )
720(s) 660(s,br) 530(s,br)
Chemical Analysis (») Found, 0:20.85, H:3.38, C1:10.A8
',:C.> -
6iii V.ith chromium (III) chloride tris (tetrahydrofuran).
a) CrClj(2.65g;1f .75mmols) was extracted with THF ( 130cir.^ ) 
via a soxhlet thimble, and the mauve solution added to 
(C^H^)2Ti(SZt)2(5.00g;l6.65mmols) in an ampoule. The ampoule 
was evacuated and sealed at 96K. A red-brown solution and a 
green solid developed within 2U hours. The olive-green solid 
(II) was collected by filtration and thoroughly washed with 
THF and n-hexane. The filtrate was evaporated to dryness and 
recrystallised from CHCiy'CCl^ to give (C^H^)2TiCl2(3.6g;87<). 
Green solid (II)
Infra-red Data (cm~\nujol and H.C.B.mulls) 2972(m,sh) 2955(m)
2920(s) 2860(m) 1U5(m) U25(m) 1370(m) 1252(vs) 1235(w,sh)
10i.8(w) 1025(w) 965(m) 860(vs) 3 1 5 ( vw) 760(m) 720(m)
675(vw) 655(w) 392(s) 338(s) 330(vs,sh) 320(s,sh) 305(s)
280(m)
Chemical Analysis (¿) Found; C:2i.95, Cl:10.70,
S:35.i1, Calc'd for CgH^ClCrOgS^, C:26.70, H:i..2.9, Cl:9.85,
S:35.63.
b) A mauve solution of CrClj(THF)^, obtained by extraction of 
CrCl^(O.W.g;2.78mmols) with refluxing THF ( 130cm^), was added 
to (C^H^)2Ti(SEt)2(0.53g;1 .77mmols) in an ampoule. The ampoule 
was evacuated and sealed at 96K. Over several months the 
solution changed colour from purple to red-brown to green to 
turquoise to finally, blue. The blue solution was concentrated 
then n-hexane added to precipitate a dark blue solid(II).
Blue solid (III)
Infra-red Data (cm~^ :THF and CHCl^ solutions) 2980(m) 2950(s)
-  ¿O w
2925(s ) 2860(m) 1500(w) U65(w) 1U0(w) U10(w) 1350(vw)
1320(vw) 1255(w) 1235(w) 1135(w) 1110(m) 1085(s) 1055(vs) 
1020(vs) 970(w) 880(vw,br) 815(s ) 755(m) 720(m) 670(m) 
565(m) 535(m) 505(m) 390(vo) 3t0(w) 310(w) 285(w) 275(w)
1H.N.!/.R. Data ( ppm; ref TICS; CgD6 solution) 1.2»60(1) broad, 
3.618(1 ) broad.
Electronic spectrum (cm-1; THF solution) 15152, 19152,
Chemical Analysis (*>) Found C :31.4-9, H:i,..59, Cl:1086, S:2.91.
Hit: 31-6
6iv with titanium (IV) chloride.
A benzene solution of (C^H^)2Ti(SEt)2(0.33g;1 .10mmols) was 
placed in an ampoule, and TiCl^(0.1cm^,0.91 mmols) added via 
a syringe. The ampoule was degassed and sealed at 96K. Immed­
iate reaction occurred giving a dark red solution, removal of 
solvent yielded a red solid which was recrystallized from 
CHCl^/CCl^ and shown to be (C^HtPgTiClgiO^gjiU.'c). Fractional 
distillation of the solvent yielded a trace of a malodorous 
liquid ict-itifiec as diethyl sulphide.
6v. ,.ith titanium (IV) chloride bis (acetonitrile).
A solution of TiCl^ (O.7cm^;6.37mmols) in KeCN ( 75cm^) was 
added to (C^H^JgTiiSZtJg (1.9g;6.35mmols) in an ampoule which was 
then sealed. A red solid and solution formed, which on removal 
of solvent yielded an inhomogeneous red and yellow-brown solid. 
Extraction of the solid with CHCl^ gave (C^H^JjTiC^ end a 
brown residue (IV).
Brown solid (IV).
Infra-red Data (cm-1; nujol and H.C.E.mulls) 3300(m,br)
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3090(s) 2960(m) 2920(m) 2305(m) 2280(s) I6i.0(w) U80(w)
U35(s) U10(m) 1360(m) 1260(m) 1213(w) 1015(m) 860(s,br) .
730(vs,br) 2.50(m) 390(vs) 315(m)
Chemical Analysis (76) Pound, C:21,72, H:2.75 N:l-.89, Cl:31 «58  ^
S:7.28.
6vi With dimethyl tin (IV) chloride.
(C5H5)2Ti(SEt)2^1 •58g;5.25mmols), MegSnClgO.35g;6.13mmols 
and benzene ( 75cm^) were placed in an ampoule, which was then 
degassed and sealed. A red solution rapidly developed from 
which (C^Hf^gTiClg was recovered (1,3g;82$) The volatile 
fraction was fractionally distilled to give a small quantity 
of a malodorous liquid identified as diethyl sulphide.
6vii ',7ith diiron enneacarbonyl.
Fe2(C0)g(0.79g;2.17mmols) and (C^H^)2Ti(SEt)2(0.65g;2.l6 
mmols) were replaced in an ampoule, THF was then distilled on 
under vacuum, and the ampoule sealed. The purple solution 
slowly turned dark red and yielded a brown-red solid on 
removal of solvent. Sublimation of a portion of the product 
at 323-333V0.01mm Hg, gave an orange solid identified as 
[Fe2(CO)g(SSt)2l and a brown residue (V). A second portion 
was thoroughly washed with n-hexane, to remove [Fe2(CO)g(SEt)2l 
leaving a brown solid (VI).
Brown solid (V).
Tnfra-red Data (cm-1; nujol and H.C.B.mulls) 3090(w) 2960(vs)
2920(vs) 2850(s) 2070(s) 2030(vs) 1985(vs) 19i-5(s,sh)
1900(m,sh) U50(m) 1375(m) 1260(s) 1095(s) 1015(s)
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860(m) 795(s; 720(m) 6l8(m) 575(m) 565(m) 390(w) 370(w)
1H.N.M.R. Data (dppm; ref TMS; CDC1, solution) 6.31.(5,broad)
^  4
6.29(5,broad) 2.65(1,broad) region 2-0 dppm obscured by grease 
impurity. .
Brown solid (VI)
Infra-red Data (cm~1 : nujol ana H.C.B. mulls) 3100(nj) 2960(m) J
2925(m) 2860(w) 2070(vs) 2035(vs) 1998(vs) 1985(vs)
mO(m,sh) 1910(v,sh) 1780(m) 1U0(m) 1375(w) 1360(w)
i
1255(w) 1090(m) 1065(m) 1015(s) 855(m,sh) 800(»,br) 72.0(w)
720(w) 615(w ) 575(m) 555(m) 190(m) 125(m) 2,15(m) 395(m)
350(w)
^H.N.M.R. Data (<Jppra;ref TLiSjCDGl^solution) 6.55
DISCUSSION
Reactions of bis(cyclopentadienyl) bis(ethanethiolato)titanium(IV) 
As a general rule reaction of (C^H^gTiiSEt^ with the 
tervalent metal halides, MXj(M=Ti,V,Cr,X=Cl), yielded )
(C^H^JjTiClj and a second, unidentified, product.
(C5H5 ) 2?i ( SE t) 2+ KC13(THF)3 - ™ F -»(C5H5)2TlClg + [liCl(SEt)2l? 
The one exception we found involved CrCl^. A 1:1 reaction mixture 
followed the sequence above, (C,Ui^)2TiCl2 being isolated,v/hen , 
the molar proportions were 1:1.5 ( (C^H3)2Ti(SEt)2 :
[CrCl3(THF)3 ] ) no (C^H^TiClgWas obtained. This reaction 
will be dealt with separately, at the end of the chapter.
The reactions of (C^H^)2Ti(SEt)2 with TiCl^, Me2SnCl2 and
Fe2(CO)g have also been studied. Before discussing a general 
reaction scheme, each will be dealt with in turn.
6i and 6ii 7iith titanium (III) chloride tris (tetrahydrofuran) 
and with vanadium (III) chloride tris (tetrahydrofuran).
In both cases, (C^Hf^TiClg was isolated and identified 
but the second, tervalent metal species could not be obtained 
in a pure state and remain unidentified. In the Ti(III) case, 
separation of the (C^H^TiClg from the product mixture 
always lead to complete decomposition of the Ti(III) component.
A brown solid (I) was obtained in the V(III) system, on removal 
of (C^H^)2TiCl2 by extraction with toluene or Et20. However 
i.r. data indicates some hydrolysis and attempted purification 
of the product was unsuccessful. i'he data obtained for the 
impure product does suggest the presence of coordinated THF,
the i.r. band at 1010cm-1 being assignee to'V(C-O-C).
6iiia Aith chro.Tiium (III) chloride tris (tetrahydrofuran).
In this reaction, of a 1:1 mixture of CrClj(THF)j and 
(C^H^)2Ti(SEt)2» (C^H^JgTiClp v.as again obtained. A second
product was also obtained, Chemical analysis suggests the 
stiochioraetry [GrCIS, (TriF^l. Infra-red and 1H.N.!d.R. data 
confirms the presence of coordinated TKF, the latter consists 
of two broad resonances (1 .75(1 ) and 3.64.(1) cf ppm) consistent 
with the presence of a oaramsgnetic metal ion (Cr(lII)). The 
type of structure envisaged is one that includes a (CrS^) 
heterocycle, eg (£) or (ii).
- '¿10 -
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A series of bands are observed in the low infra-red region 
(392(s) 338(s) 330(vs,sh) 320(s,sh) 305(s) end 280(m) cm”1)
attributable to (Cr-Cl) and (Cr-S) stretching modes. In the 
polymeric [Cr(SEt)j] formulation, i.r. absorptions at 1.90, 383,
and 328cm were assigned t~ v(Cr-S) modes. For comparison 
l (C^H^J^'oSj , which contains a five-membered (l.ToS^ ) ring, 
exhibits an i.r. band at 482cm” assigned tentatively to a 
skeletal vibration.^- ^  IIo such band was observed for our Cr(ITI)
6iv and 6v flith titenium (IV) chloride and titanium (IV)- 
ehloride bis(acetonitrile).
Again evidence for ligand exchange was found, with the 
isolation of (C^H^^TiClg in both cases. When the reaction 
was carried out on a non-coordinating solvent (benzene), Et2S 
was a l s o  identified but no other products. This seems to 
indicate some further reaction, eg(b):-
a) (C5H5)2Ti(S?t)2+TiCl4— * (C^K^TiClg +lCl2Ti(SEt)2l
b) [ Cl2Ti(SEt)^— Cl2TiS + Et2S
In a coordinating solvent (EeCN) a second product was
isolated but was not ful]y characterized. Infra-red data
and chemical analysis indicate the presence of coordinated 
KeCK, but some hydrolysis seems to have occurred .
Difficulty has been experienced in the preparation of 
Ti(SR)^ compounds, intractable mixtures being obtained.^^
A possible route might be reaction of TiCl^ with excesr 
(C^H^)2Ti(SR)2 eg.2(C^H^)2Ti(SEt)2 + TiCl^ *(C^H^)2+ Ti(SEt)^ 
6vi With dimethyl tin (IV) chloride
In this system (C^H^)2TiCl2 and Et2S,were isolated, a 
Sn(IV) component was not located. This seems surprising at 
first sight, the expected products iron the reaction being 
l.:e2Sn(S?t)2 and (C^K^)2TiCl2, however it seems that fractional 
distillation of the volatile products lead to decomposition of 
the EegSntS^t)^-
Me2Sn(SEt)2----- ► i(!,'e2SnS)3 + Et?S
> 15
as known to occur in the case of the phenyl analogue.
The (lde2SnS)3 may have been lost by sublimation.
6vii ï.ith diiron enneacarbonyl.
Again ligand exchange is found to occur, in this case 
[Fe2(C0)g(SEt)2l was obtained. The titanium fragment could not 
be identified, but no evidence for the formation of (C^H^gTi 
was found
This is in complete contrast to the reactions of (C^H^ÎgTiiSRjg
Mo,W) described in the introduction to this chapter.
General observations on the reactions studied.
Although the reactions studied represent the start of this 
programme, it is clear that ligand exchange occurs readily. 
Consequently these particular systems do not provide a route 
to the desired mixed-valence species. »e do propose, however, 
that binuclear species are formed initially prior to ligand 
exchange.
Considering a possible reaction scheme, the first step is 
therefore, seen as the formation of binuclear species via the 
sulphur atoms of the thiolate groups
eg.
a) (C5H5)2Ti(SEt)2 + KC13.(TKF)3 ------^
(C5H5)2Ti(SEt)2 + Fe2(C0)9— *•Fe2(CO)6(SEt)2 + (C5H5)2Ti?
compounds with the mononuclear carbonyls l (nor-
Cl
Et
Now th e  s u lp h u r  a to m s i n  many t h i o l a t e  c o m p le x e s  h a v e  b e e n  
show n t o  b e  f a i r l y  s e n s i t i v e  t o  e l e c t r o p h i l i c  a t t a c k .
T h u s (C ^ H ^ Jg T iC lg  i s  fo rm e d  by  r e a c t i o n  o f  ( C ^ H ^ J g T K S E t ^  
w it h  PhCH gCO Cl.^16  S i m i l a r l y  (C 5H5 ) 2M (SR )2 (K =V o,W ,R =M e,E t) 
c o m p le x e s  r e a c t  r e a d i l y  w ith  c o n c e n t r a t e d  HC1, g i v i n g  th e  
d i c h l o r i d e  an d  R SM .^1 ^ M o st m e ta l  t h i o l a t e  c o m p le x e s  r e a c t  
v / i th  a l k y l - h a l i d e s  t o  g i v e  p r o d u c t s  i n  v/h ich  S - a l k y l a t i o n  o f
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th e  c o o r d i n a t e d  t h i o l a t e  g r o u p  h a s  o c c u r r e d .  The r e s u l t i n g  
d i a l k y l s u l p h i d e  may ( a )  o r  may n o t  ( b )  b e  c o o r d in a t e d  t o  th e  
m e t a l  d e p e n d in g  on d o n o r  s t r e n g t h : -
a )  P t ( S R ) 2  +  R I— » P t I 2 (SRr>)2
b )  R H g(SR) +  R'Cl— ► EHgCl +  RSR*
The n e x t  s t e p  i n  th e  r e a c t i o n  sch em e i s ,  t h u s  s e e n  a s  
b rea k d o w n  o f  t h e  b i n u c l e a r  c o m p lex  v i a  l i g a n d  e x c h a n g e , e i t h e r  
b y  a n  i n t r a - o r  i n t e r - m o l e c u l a r  m e c h a n ism :-
lC lM ( S E t )2 (T H F )3 l + (C  H5 ) 2T i C l2
The variety of re'ction products noted for the different system 
is seen as resulting from the decomposition of the bis(ethane- 
thiolato) metal halide species. 7.here (C^H^)2TiCl2 is formed 
it is very easily isolated and identified. However the method 
of its removal may be the main cause of the decomposition of 
the other products, which would be expected to be highly 
unstable with respect to hydrolysis and oxidation.
Consider the reaction system; (C^H^gTiCSEt^ + CrClgiTHF)^;!
where the green product (II), thought to contain a (CrS,)*►
heterocycle, was obtained. Though formation of a product 
of this type is not obvious, similar behaviour has been noted, 
eg the reaction of (C^H^TitSH^ with iodine does not give 
the expected disulphide but (C^Hf^TiS^. This was explained 
in terms of the instability of the smaller rings (TiSx)
(x=2,3,i.) compared to the (TiS^) ring, »ith TiCl^, in a 
non-coordinating solvent, Et2S was identified, indicating the 
possible decomposition:-
[Cl2Ti(SEt)2 ]--->Cl2TiS + Et2S
however no species of the type [Cl2TiS] could be identified. 
Previous work described in chapter 5, where [Cl2TiS.]nand its 
adducts [Cl2TiS.3Ll (L=MeCN or THF) were prepared, leads us to 
believe that if any of this compound had been obtained initially, 
it must have hydrolysed on work up.
If the reaction is carried out in a coordinating solvent 
eg. KeCN, the product appears to be stabilized via solvent 
coordination, as no Et2S was obtained:-
-  215  -
(c5H5)2Ti(SEt)2 + TiCl4(MeCN)2— (C5H5)2TiCl2 + Cl2Ti(SEt)2(MeCN
The behaviour of (C^H^ )2Ti(SEt)2 as described in this
chapter closely parallels that of the similar (alkanethiolato)
tin(IV) halides. These (alkanethiolato) tin (IV) compounds
have also been shown to undergo two distinct reactions:-
a) with binary metal carbonyls ligand substitution may occur,
397with donation via the sulphur atom:- '
b) with metal- and alkyl-halides fission of the tin-sulphur 
bond may occur:-^9”^ 2'*
R2Sn(SMe)2 + xsliel--»-RgSnlg + 2MejS+l”
Reaction of R2sn(SR')2 compounds with pentacarbonyl metal 
halides gives good yields of the trimeric species
CljSn(SR) + M(CO)6 ♦  S-*>li(CO)
R
5
[m (co)3(sr')]3.^ 19»*’22
The mechanism postulated involved the formation of an 
intermediate substitution product:-
K(CO)5X + R2Sn(SR’)2
R
R
•3
-  216  -
F i s s i o n  o f  a  ( S n - S )  b o n d , e i t h e r  by i n t r a -  o r  i n t e r - m o l e c u l a r  
e l i m i n a t i o n  th e n  g i v e s  m onom eric [ li(C X ))^ (S R i )1 u n i t s  w h ich  
s u b s e q u e n t ly  t r i m e r i s e .
6 i i i b  W ith  chrom ium  ( I I I )  c h l o r i d e  t r l s ( t e t r a h y d r o f u r a n ) .
I n  a  s e c o n d  c a s e ,  a  1 : 1 .5  m ix t u r e  o f  ( C ^ H ^ J g T K S E t J g  a n d  
C r C l j(T H F )^  g a v e  o n ly  on e p r o d u c t ,  a  b lu e  s o l i d  ( I I I ) ,  no  
(C ^H ^)2T i C l 2 b e in g  i s o l a t e d .  T h is  b l u e  s o l i d  g a v e  a  lo w  
s u lp h u r  a n a l y s i s  an d  no e v id e n c e  f o r  th e  p r e s e n c e  o f  a n y  
c y c lo p e n t a d i e n y l  g r o u p s  c o u ld  b e  fo u n d  i n  e i t h e r  t h e  i n f r a - r e d  
o r  1H .N .M .R . s p e c t r a  o f  th e  p r o d u c t .  The e l e c t r o n i c  s p e c tr u m  
o f  th e  co m p lex  e x h i b i t s  a  v e r y  i n t e n s e  a b s o r p t i o n  a t  15152cm ” 1 
w ith  a l e s s  i n t e n s e  b an d  a t  1 9152  cm- 1 ,  c . f  . ( C ^ H ^ g T i C S E t J g  
a b s o r b s  a t  1 8 ,6 9 0  cm” 1 .  The l o s s  o f  c y c lo p e n t a d i e n y l  g r o u p s  
fro m  a  s y s t e m  su c h  a s  t h i s  i s  n o t  unknow n, f o r  e x a m p le  
(C 5H5 ) 2T i C l 2  g i v e s  [ (C 5H5 ) T i C l ( 0 )  1 ^  on h y d r o l y s i s  3 2 2  a n d  
t (C 5H5 ) T i C l ( O E t ) 2 ] on  t r e a t m e n t  w i t h  EtO H .1-2 6 * ^ 2 7  
T h i s  an d  th e  i n c l u s i v e  a n a l y t i c a l  d a t a  m akes s p e c u l a t i o n  a s  
t o  th e  c o u r s e  o f  t h i s  r e a c t i o n  i m p o s s i b l e .
CHAPTER SEVEN.
THIOUREA CCM>LSZES OF THE GROUP VB TRIHALIDES.
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INTRODUCTION
This study arises from collaboration with the university 
of Nairobi, concerning the use of sulphur bonded antimony
i no
compie es as possible schistosomicides. Despite toxic side
effects, antimony compounds have been used for many years in
129 i.30the treatment of schistosomiasis and leishmaniasis.
An evaluation of the nature and extent of the toxic effects 
and the chemistry of these Sb-S systems, with a correlation 
between the two is required. This work sets out to investigate 
the chemistry of the thiourea~antimony system by looking 
at the general thiourea /ECl^ (E=P,As,Sb,Bi) systems.
There is a significant change in the behaviour of the 
group TO trihalides progressing down the group from phosphorus 
to bismuth. Compounds of the type EXj(E=P,As,Sb,Bl,X =Nalogen, 
R,H etc) are capable of both dono" and acceptor properties, 
the electrons from the lone pair on E(III) may donate to 
suitahle acceptor molecules, or the element E may expand 
its coordination number by accepting electrons from donor 
molecules. The former behaviour is predominant with P(III) 
compounds, whilst with Sb(III) and Bi(III), the latter is more 
common.
Phosphorus (III) compounds are strong Lewis bases and 
innumerable complexes are known where they act as donors to
> 31
a host of different metal centres. Complexes where P(III)
halides act as acceptors are extremely rare since they are 
weak Lewis acids. Of the few examples known, there is a
tendency to dissociate at temperatures above the low tr r ’ fr’rea
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u s e d  f o r  t h e i r  f o r m a t i o n .^ 3 2  H ie  d o n o r  s t r e n g t h  d e c r e a s e s  i n  
th e  s e r i e s  P X ^ A s X ^ S b X ^ B i X j  an d  w h i l s t  A s ( I I I )  com pounds 
b e h a v e  a s  d o n o r s  i n  many c o m p le x e s  t h i s  b e h a v io u r  i s  n o t  
t y p i c a l  f o r  S b ( I I I )  a n d  B i ( I I I )  co m p o u n d s. A lth o u g h  S b ( I I I )  • 
com pounds h a v e  b e e n  fo u n d  t o  r e a c t  w ith  a  v a r i e t y  o f  t r a n s i t i o n -  
m e ta l  c a r b o n y l s , ^ 3 3  e v e n  S b C l^ ,^ 3^  no s i m i l a r  b e h a v io u r  
h a s  b e e n  n o te d  f o r  B i ( I I I )  h a l i d e s .  I n  c o n t r a s t  S b ( I I I )  an d  
B i ( I I I )  h a l i d e s  fo rm  a  w id e  range o f  c o m p le x e s  EX^Ln (L =  m ono- 
o r  p 6 1 y d e n t a t e  l i g a n d s ,  n v a r i e s )  w here th e y  a c t  a s  L e w is  
a d d s . « 5 -4 3 6
S t r u c t u r a l l y ,  th e  h a l i d e  c o m p le x e s  a r e  o f  i n t e r e s t  
b e c a u s e  o f  th e  p a r t  p l a y e d  by th e  lo n e  p a i r  i n  d e t e r m in in g  
th e  s t e r e o c h e m i s t r y .  I n  1:1 (MX^ : m o n o d e n ta te  l i g a n d )  
c o m p le x e s  th e  lo n e  p a i r  o c c u p i e s  a n  e q u a t o r i a l  p o s i t i o n  i n  
a  t r i g o n a l  b ip y r a m id a l  c o n f i g u r a t i o n  w ith  t h e  d o n o r  i n  a n  
a x i a l  p o s i t i o n ,  e g .  IS b C l^ (P h K H g ) ] I n  1 : 2  c o m p le x e s
th e  lo n e  p a i r  o c c u p i e s  an  o c t a h e d r a l  p o s i t i o n ,  s o  t h a t  a  
d i s t o r t e d  s q u a r e  p y r a m id a l  e n v iro n m e n t f o r  th e  a n tim o n y  r e s u l t s  
e g .  [ S b C l j ( P h jA S 0 ) 2  1 . ^ 3°  C r y s t a l  s t r u c t u r e  d e t e r m in a t io n s  
h av e  shown t h a t  o c t a h e d r a l  s i x - f o l d  c o o r d i n a t i o n  o c c u r s  i n  
[A S C l3 ( b i p y ) ] 2 ; ^ 39  [ S b C l ^ r  (C 5H5NH)+ ; U O  [ S b g B r ^ S i C ^ N H )  +  
.  2 B r - ; ^ 1 [ B i B r ^ l ”  ( 2 - p i c o l i n i u m ) + ^ 2 ;  a n d  [ B i B r ^ ] 3”  — 
v i a  h a lo g e n  b r i d g i n g ,  w ith  th e  lo n e  p a i r  
s t e r e o c h e m i c a l l y  i n a c t i v e .  S i m i l a r  s t r u c t u r e s  w ere  i n f e r r e d ,  
fro m  i . r .  d a t a ,  f o r  [M C l3 ( b i p y )  ] (M = S b ,B i)  b u t  th e  a n a lo g o u s  
b ro m id e  an d  i o d i d e  c o m p le x e s  w ere  th o u g h t  t o  b e  m o n o n u c l e a n ^ ’'
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T h e t r i d e n t a t e  l i g a n d ,  t e r p y r i d y l . ,  s e r v e s  t o  i l l u s t r a t e  th e  
d i f f e r e n c e s  i n  th e  c o o r d i n a t i o n  b e h a v io u r  o f  th e  e le m e n t s  i n  
t h e  g r o u p .  The r a t i o s ,  MX^: t e r p y ,  v a r y , t h e  A s ( I I I )  com pounds 
a r e  1 :1  e l e c t r o l y t e s  i n  n i t r o b e n z e n e ,  th e  a n tim o n y  c o m p le x e s  
2 :1  e l e c t r o l y t e s  an d  B i C l ^ ( t e r p y )  i s  e s s e n t i a l l y  a  non­
e l e c t r o l y t e  ( T a b le  7 ,1
T a b le  7 ,1  T e r p y r id y l  c o m p le x e s  o f  A r s e n ic  ( I I I ) ,  A ntim ony ( I I I )  
a n d  B ism u th  ( I I I )  h a l i d e s .
Compound
Am
—1 —1 2 
(ohm m ol cm ) P r o b a b le  F o r m u la t io n
2 A s C l j . t e r p y 2 8 .1 [ A s C lg i t e r p y ) l + (A s C l^ )~
A s B r ^ .t e r p y 2 4 .3 [ A sB rg ( t e r p y ) ]  +B r ”
3 S b C l j .2 t e r p y 4 1 .1 [ S b C l2 ( t e r p y ) ] 2+ ( S b C l5 ) 2 “
3 S b B r j .2 t e r p y 3 5 .8 [S b B r 2 ( t e r p y ) ! 2+ ( S b B r 5 ) 2”
B i C l j . t e r p y 5 . 7 b
a :  I n  n i t r o b e n z e n e ,  i n  w h ich  a 1 :1  e l e c t r o l y t e  g i v e s  2 0 - 3 0 .  
b :  I n s o l u b l e  i n  n i t r o b e n z e n e ,  i n  DMF.
T h io u r e a  i s  a  p l a n a r  m o le c u le ,  w ith  th e  h y d ro g e n  a to m s 
b a s i c a l l y  c o p la n a r  w ith  th e  (SCNN) g ro u p  ( A ) .
1.022 
HV  A 012
i W * * "
S — C;
1 .7 4 6 ^
H/
N -H
- ‘¿'¿G -
Hydrogen bonding occurs b e tw e e n  both hydrogens and the sulphur
atom, N— H...s>U-5,ti-6 overlap of the lone pair of electrons
on the nitrogen atoms with the p-orbital of the carbon atom may
be envisaged, giving rise to the resonance structures (Ç) and
(P) .U 7
H2\  / " 2  
I
«2%  / W 2
c;
I
H2\  A
CT
I I
S S' S'
B Ç D
The more polar solvents will favour the charge separated 
structures, and hence formation of donor-acceptor complexes 
coordinated via the sulphur atom. For instance, if thiourea 
and iodine are mixed in a 2:1 molar ratio in CHClj, a yellow 
crystalline complex (E) can be isolated.
[ ( H g N j ^ S ----- * 1  —  S=C(NH2 ) 2] + I "
E
M Q
In a more ionizing solvent oxidation of the thiourea occurs:-
(H 2K )2C=S + I 2 ---------- >  l(H 2N )^ C -S-S-C (N H 2 ) 2 ] 2 + . 2 r
The positive charge maybe envisaged as spread over the 
amino group (f).
H2N -V
— s
h 2nt c f +
\ l H
2
2
F
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Thiourea and its N- substituted derivatives,form complexes 
with a diverse range of metals, from potassium to platinum.
C o o r d in a t io n  may o c c u r  th ro u g h  th e  n i t r o g e n  a t o m s ^
as well as via the sulphur a toms, ^-55-^ 62. ai though the latter
is the more common. Nitrogen coordination is expected with
"hard" Lewis acids, as found in TiCl, (tu)^^^, although
both nitrogen and sulohur donation has been noted with 
ICO i.65SnCl^. * The majority of thiourea complexes involve
sulphur donation, those of the 2nd and 3rd row transition 
metals^^’^ ^  being very stable. With 1st row transition 
elements the complexes tend to dissociate in solution indicating 
only weak (V*S) bonding
The structures of a number of thiourea complexes have
b een  d e t e r m in e d , an d  a r e  v a r i e d ,  d e p e n d in g  on th e  c e n t r a l
metal atom. In KiClgitu)^ the nickel is octahedral ,
similarly in NiOiCS^itu^ where each thiourea is bound to
two nickel atoms giving a polymeric s t r u c t u r e I n  the
fo r m e r  c o m p lex  th e  (S-C) d i s t a n c e  i s  a b n o r m a lly  long ( 1 .7 7 ^ )
co m p are d  t o  t h i o i u r e a  i t s e l f  (1.6W .A). ^ 9 ,  ¿7 1  C0IDp i ex
C d C l p i t u ^  i s  t e t r a h e d r a l  and  P b C lg i t u ) ^  i s  p o ly m e r ic
w ith  s e v e n - c o o r d i n a t e  l e a d  v i a  f o u r  b r i d g i n g  s u lp h u r  a to m s
¿ 6 9and two bridging chlorines
EXPERIMENTAL
The antimony and bismuth complexes were air stable, 
however with the phosphorus and arsenic complexes decomposition 
occured on exposure to air and consequently were handled either 
in the dry box or on the vacuum line.
Thiourea is a cancer suspect agent and care was taken in 
the handling of this material.
Reactions of thiourea 
7i With bismuth (III) chloride.
Thiourea ( 4-g; 52.5mmols), dissolved in acetone (*»250cnr), 
was added to a warm solution of BiCl^(3.2g; 10.0mmols) in 
acetone (/vfjOcm^ ). The yellow solid (I) deposited immediately 
was collected by filtration and recrystallised from hot acetone/ 
methanol. The solid turned deep red on drying under vacuum 
overnight (3.2g; 59* ; mpt >4.28 dec.)
Infra-red Data (cm-1 jnujol and H.C.3. mulls) 34-30(s) 3365(s)
3270(m) 3180(s) 3120(m,sh) I62.5(m,sh) 1620(v s ) 1600(s )
1550(m,sh) U15(m) 1390(s,sh) 1380(s) 1l60(w,br) 1090(w,br)
1035(w) 730(w) 715(m,sh) 700(s) 675(w) 605(m) 530(s,br)
4-90(s) 4-75(s) 4-60(s) 390(vw) 360(vv.) 171 (s) 154.(m).
~IH.N.1.:.R. Data (cfppm; ref Tl.'S; d^ D'.'SO solution) 7.010 (br) 
^C.K.K.R. Data (cfppm; ref TKS; d^ Dl.'SO solution) 181.74. 
Chemical Analysis (*) Found, C: 6.92, H:2.23, N:15.4-2,
S: 17.98, Calc’d for CjH^gSjBiClj C: 6.67, H: 2.24-, N: 15.51, 
S: 17.79.
7ii »it.h Antimony (III) chloride in acetone.
Thiourea (8.9g; 116.9 mmols), dissolved in acetone
(<»/200cnr)f was slowly added to S b C l,(6 .7 g ; 29 .¿mmols) in ^50cin'
acetone. A lime coloured solution developed from which a 
pale yellow solid deposited on standing overnight. The product 
was recrystallised from MeCN as lemon coloured srystals (II) 
(8.8g; mpt>379K dec.)
Infra-red Data (cm~\‘ nujol and H.C.B. Mulls) 33AO(s) 3280(s)
3185(s) 3130(s) I635(s,br) 15l5(m) 1500(w) U25(s) 1390(s)
1365(m,sh) 1175(w,br) 1110(w) 1065(w) 1000(m) 725(m,sh)
715(m) 620(w) 575(w) ¿75(s) ¿12(w) 360(vw) 307(s) U5(w,br)
~*H.N.M.R. Data (Sppm; ref TI.'S; d^DMSO solutlon)6.9i(br). 
13C.N.M.R. Data (cTppra; ref TL!S; d6DMS0 solution) 182.00 
Chemical Analysis (*) Found, C:6.A1, H:2.59, N:15.63, 8:18.92,
Cl:25.72, Calc’d for C^ggN^^SbjClg, C:6.91, H:2.32,
N:16.11, S:18.A0, 01:26.20.
7iii With antimony (III) chloride in the presence of dimethyl-
formamide.
SbCl^(10g; 2.3.¿-8 mmols) was dissolved in DMF (~25cm^) then
3the volume made up to ~250cra with benzene. This solution 
was slowly added to a DMF solution of thiourea (10.5g;137.90mmols) 
giving a yellow solution on complete addition. Concentration 
of the solution followed by dropwise addition of Et20 caused 
precipitation of a yellow solid (III). The product was 
recrystallised from MeCN (H.5g; 73«; mpt 356-358K).
Controlled heating of this yellow product under vacuo 
at 3A8K, followed by extraction and recrystallization from 
MeCN gave a yellow-orange product (IV); identical to the product |
(II) obtained in 7ii.
,
Yellow Solid (III).
Infra-red Data (cnf^; nujol and H.C.P. mulls) 3315(s) 3265(s)
3160(s) 3100(s) 3070(s,sh) 2960(m,sh) 2920(m,sh) 2860(m,sh)
2710(w) 2660(m) I630(vs,br) 1515(m) U28(s) 1390(s) 1250(w)
1 1 00(w) 705(m) 660(m) 630(m) 575(m) 2.70(m) 2.08(w) 380(vw)
3l6(m) 237(w,br) 192(s) 12.5(w)
^H.N.K.R. Data (d ppm;ref TMS; d^DliSO solution) 2.72 (3)
2.88 (3) 7.01. (8,br) 7.92. (1)
13C.N.i.?.R. Data (d ppm; ref TiiS; d^DKSO solution) 36.09,
182.65
Chemical Analysis (£) Found, C : 12.39, H:3.02., N:15.76,
01:23.60, Calc'd for C ^ ^ O S g S b C l j ,  C:13.22., H:3.33,
N:15.U, 01:23.2.6,
Orange-yellow solid (IV)
Infra-red Data (cm-^; nujol and H.C.B. mulls) 3320(s) 32-2.0(s)
312.0(s) 3080(s) I620(vs,br) 1500(vw) 12.50(vw) 12.10(w)
1365(m,br) 1135(w) 1075(w) 1015(w) 965(w) 910(w) 82.5(w)
790(w) 720(m) 700(m) 660(m,sh) 6l0(m) 52.0(w) 2.55(m)
2.00(m,sh) 3l8(m) 2l8(w,br) 181(s ) 158(m,br)
1H.K.i.:.R. Data (dppm; ref TLiS; d6KiS0 solution) 7.057 (br) 
13C.K.t!.R. Data (d ppm; ref S; d6m:S0 solution) 183.22.1 
Chemical Analysis (SO Found, C:8.86, H:2.90, N:16.10,
Cl:27.73, Calc'd for C7H2gKu S7Sb3Cl9, C:6.91, H:2.32,
N:16.11, 01:26.20.
7iv ’,',ith arsenic (III) chloride in acetone.
AsCl3(7.9g; 2.3.6mmols), dissolved in acetone (~20cm3) was
7
added to an acetone (~200cm-') solution of thiourea
(1Og: 131.lmmols). The white solid (V) which slowly precipit­
ated from the resulting yellow solution was filtered and 
washed sequentially with acetone, benzene and n-hexane. The 
product (11.lg; 62£, mpt 111-113K) was dried in vacuo at R.T. 
Infra-red Data (cm-^; nujol and H.C.B.mulls) 3360(s) 3280(s,br)
3 1 8 0 ( s ) 3100(s,br) I665(s,sh) 1 6 5 5 ( v s ) I625(s,sh) I600(m,sh)
U82(w) 1l25(m) 1l05(m) 1390(m) 1370(m,sh) 1030(w)
7l8(m) 700(m) 6l0(m,br) 575(s) 175(w) 150(w) 100(vw)
315(w) 285(w)
’h .N.E.R. Data (d ppm; ref TES; d^TES0 solution) 9.8l(br) 
Chemical Analysis (*) Found, C:8.96, H:3.06, N:20.16,
01:26.11, Calc'd for C3H 12N6S3AsC13, C:8.80, H:2.95, N:20.5?,
Cl:25.97.
7v With arsenic (III) chloride in dimethylsulphoxide.
3 3
AsCl3(5cm ;59.58mmols), dissolved in benzene ( 150 cm ),
was slowly added to a DMSO ( 200cm^) solution of thiourea
(1l.0g;l83.92 mmols). The white precipitate (VI) formed,
was collected by filtration, washed with benzene and n-hexane
and dried in vacuo (22.7g;8l?o, mpt 101-105K)
Infra-red Data (cm-1; nujol and H.C.B. mulls) 3310(s,sh)
3290(m,sh) 3230(s) 31lO(s) 2950(s,ah) 2910(s) 2860(s,sh)
2720(m,sh) 1650(vs) 1595(m,sh) 1l80(m) 1l23(m,sh) 1395(s,br)
1310(m) 1 1 10(w) 1080(m) 1050(s,sh) 1015(vs) 930(vs)
935(s,sh) 900(w) 780(m,sh) 730(m,sh) 705(s) 665(m,br)
6l0(m) 170(s) 380(m) 335(m)
1H.K.E.R. Data (d ppm; ref TES; d^DESO solution) 6.05 (1,br)
9.76 (1 ,br) (dpO solution ) 2.256
^C.N.M.R. Data ( d ppm; ref T!’S; D2O solution) 39.712, 167.234. 
Chemical Analysis (*) Found, J.16.97, H:4.52, N:13.53,
Cl: 17.4 (uncertain end point), Calc'd for Cgti^o^gOjSgAsClj, 
C:16.79, H:4.70, N:13.05, 01:16.51.
7vi with phosphorus (III) chloride.
A benzene solution (~25cm^) of PCl^ (6.0g; 43.71 mmols) 
was added dropwise to a solution of thiourea (10.Og; 131.4mraols) 
in 1:1 DI.T/ benzene (~100cm ). Overnight a white solid separated 
from the yellow solution, which was collected by filtration 
and then recrystallised from DY-F/EtgO as white needles (VII) 
(4.4g;28*; mpt 467-470K). Concentration of the filtrate lead 
to precipitation of a yellow solid identified as sulphur 
(0.67g; 16;» based on thiourea).
Infra-red Data (cm-1;nujol and H.C.B. mulls) 3340(m,sh)
3260(s) 3200(m) *3100(s) 3040(s) 2940(s,sh) 2880(s) 2820(s,st
2820(s,sh) 2740(m,sh) 1740(s,br) I676(s,br) 1605(s) 1510(e )
1460(m) 1445(m) 1410(m) 1340(w) 1300(s) 1260(w) 1240(w)
1150(w) 1130(w) 1060(w) 1020(w) 975(m) 850(m) 790(w)
760(s) 713(s) 652(m) 6 1 0 ( s ) 550(s) 480(w) 435(s) 390(w)
200(m) 178(s) 136(w)
1K.N.K.R. Data (6 ppm; ref TMS; d6K.!S0 solution) 3.269 (3)
3.367 (3) 7.656 (2,br) 8.674 (1)
1 ^ C.R.K.R. 3ata (d ppm; ref TMS; d6DVS0 solution) 155.93,
153.73, 44.02.
^P.N.M.R. Data (6 ppm; ref HjPO^; d^DMSO solution) 2.180
Chemical Analysis (%) Found, C:23.78, K:4.83, K:15.49,
Cl:29.26, Calc'd for C^H^K^OgSCl^P, C:23.37, H:5.04,:;
N: 15.58, Cl:29.57.
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DISCUSSION
As in other studies of related systems, infra-red evidence 
forms the basic analytical tool for diagnostic evaluation of 
the mode of coordination. X-ray analysis to give unequivocal 
molecular structures being limited to systems in which suitable 
crystals are obtained. Thus a short description of the several 
characteristic infra-red bands of thiourea follows,
Jensen and Nielsen have assigned a number of charact­
eristic vibrational modes by studying a large number of thio- 
amides, selenoamides, thioureas and selenoureas. The bands 
are designated by letters ji to G.
The A band - generally found in the region 1600-1650 cm“1 in 
the spectra of all thioamides, selenoamides, thioureas and 
selenoureas containing an unsubstituted NHg group, it orginates 
from NH2 deformations but is coupled with the (C-N) stretching 
vibration. On complex formation via the S or Se atom, it 
shifts to higher frequency.
The B band - a strong band in the range 11.00-1600 cm"1.
In thio- and selenoureas it is thought to arise chiefly from 
the v  (N-C-N) mode, with possibly some coupling to theQ S
CS (or CSe) and the (NH) and NHp vibrational modes.
The C band - a medium to strong band appearing in the 1200-1100 
cm-1 region, although it may occur at slightly higher frequency 
eg. thiourea; 11.15 cm"1. In thio- and selenoureas it has
been assigned to the (N-C-N) grouping, in substituted deriv­
a t iv e s  mixing with the XK vibrations may occur.
The D band - 1000-1200 cm-1 range, of medium strength, liot 
observed in symmetrically Oisubstituted aromatic thioureas. 
?.rainly due to the symmetrical stretching mode of the (K-C-S) 
grouping, extensive coupling with l.Ti vibrations occur in 
compounds with a N-alkyl or N,li dialkyl thioaride group.
The 5 band - a characteristic band, usually in the range 
600-900 cm”1. The main contribution is assigned to IQig 
bending, but may be absent in primary thioamides due to coupling 
with other vibrations. On complex formation it is often- 
weakened and is sometimes completely missing.
The F band - a band near 700 cm”1, typical for most thioamides 
and thioureas. It is assigned to NH vibrations, with perhaps 
contributions from (C=S) modes.
The G band - the only band to show a significant shift on 
going from the thio- to the seleno-compounds. It is therefore 
assigned to r(C-S) or v<C-Se). In the thio compounds it is 
found in the range usually cited for single bond v(C-S)
(600-800 cm”1). For the seleno analogues it occurs 30 to 100cm” 
lower.
Infra-red spectra of thiourea and its metal complexes.
Changes in the spectrum of thiourea on b - protonntion,
S - methylation and on complex formation supports the view that 
the 2*C end D bands have their origin in the V  (K-C-S). 
v(K-C-K) and v g(K-C-S) vibrations, respectively (Table 7.2).
There has been some disagre nent on the position of the 
(C-S) stretching frequency, assignments have ranged from 
12.13 cm” 1 t to 1086 cm-1 through tc  6?9 cm“1
Table 7.2 Infra-red absorption bends of thiourea rno sub­
stituted thioureas and their ir.etal complexes (as assi ned by
¿.72Jensen and Nielsen ).
Compound Infra--red absorptions (cm-1)
A E C D E F G
Thiourea 1612 147 3 U13 1 CG 6 727 629
Pt(tuJ^Clg 1605 1504. 1365 1080 706 637
1625 U25 562
Cu(tu)jCl 1610 ■500 1385 1090 706 530
1635 U20
N-Nethylthiourea 1627 1550 1257 1125 777 719 625
Pt(l'etu)^ Cl2 161? 1569 1245 1125 763 713 607
1635 1285 1145 773 637
N-Zthylthiourea 1625 1546 1267 1112 807 740 644
• 1567 1308 1130
Pt(Ettu)^ Cl2 1627 1562 1267 1123 790 743 626
1582 1303
Yamaguchi et al ^51,457 pronose(3 that bands at 1417, 1063 and 
730 cm”1 all contain contributions from modes associated with 
the C=S group. Thus coordination via the sulphur atom will 
shift all these bands to lower frequency. the case of the 
1083cm”1 band (the D band) there is also a large contribution 
from the V(K-C-K) mode, the frequency of which will shift to 
higher frequency on complexation via the sulphur and therefore 
the contribution to it from the (C=S) vibration is reduced. 
Thus the overall effect is a reduction in intensity of this
. The composite F (730 cm”1) andband on complex lormation
£  (629cm bends shift to lower energy cori'esponding tc a 
weakening of the C=S bona. Bands involving the t (K-C-K) mode,
B (U73cm-1) and C (U13cm"1), are shifted to higher frequency 
reflecting the increase in the double bond character of the (C-N)
linkage (?).
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The intense V^K-H) bends in the 3100- 31-00 cm-  ^ region
remain virtually unchanged. In contrast on coordination via 
the nitrogen atoms these bends exhibit marked negative shifts 
A-51 152’ . The B band also shows a distinct change on K-conation,
becoming more intense and shiftin£ to slightly lower frequency.
For simplicity each reaction will now be discussed in turn, 
possible structures being proposed for the resulting products.
Their biological application vis-a-vis utilisation as 
schistosomicides is under investigation.
Reactions of Thiourea:
7i VTith bismuth (III) chloride.
During the completion of this work, the crystal structures 
of the bismuth (III) complexes - [BijCl^tu)^ ] ^  ana 
[ BiCl^(tu)^]^^^ were published. Both the yellow, 3:7, ana 
red, 1:3, complexes contain two kinds of chemically non­
equivalent Bi(IIl) atoms, which are octahedrally surrounded 
by chloride ions and/or thiourea molecules. The former (Fig7.1),a 
di-yj-chlorobis tchloro tris (thiourea) bismuth (III) 1 pentachloro 
(thiourea)bisrauthste(Til),contains a binuclear cation with :t
bridging chlorine atoms, the anion is disordered.
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The 1:3 complex (Fir 7.?) - l3i(tu)g] iBi \(tu)1 ^Jci^] ,
also contains a disordered anion but this disorder involves 
three chloride ions and three thiourea molecules, so the anion 
is either [BiClg]^- or [3iClj(tu)^] In both complexes the 
lone nair is stereochemical]y inactive, this is not particularly 
unusual, as many complexes have structures of this tyre. lo 
A third complex - BigCigCtu)^ - has also been discussed, 
but little data is available.
In contrast to these ionic complexes, the ethylene thiourea 
(etu) adduct - [3iCl^(etu)rJ consists of polymeric chains.
The coordination at Bi(III) is octahedral involving two etu 
molecules and four chloride ions, tv.o of them bridging adjacent 
Bi(III) atoms forming infinite zig-zag chains.
Reaction of thiourea and BiCl^ in acetone yields the 
complex (I) which was initially yellow but turned red on 
drying overnight under vacuum. Analysis of the solid indicated 
the stiochiometry [BiCl^(tu)^ and this presumably corresponds 
to the red 1:3 complex characterized structurally by Battaglia 
et al.^^ Infra-red data is consistent with sulphur donation 
(Table 7.3), giving a high energy shift in the B (1503cm-1) and 
C (1A35cm-1) bends, and a low energy shift to the F (700cm-1) 
and G (605cm-1) bands. 1H.K.K.R. (7.010cippm) anc 1^C.N.1!.R.
(181 .71 cfppm) data indicates the complex is dissociated in 
DTSO solution. This behaviour has been noted before in the 
Cr(IJI) and Hi(II) complexes of thiourea and substituted 
tiiioureas where the thiourea is only weakly bound to the metal

Table 7.3 Important infra-red bands (cm~~*) of the thiourea 
complexes.
Complex 'rNH B c D F G
Thiourea 3365 
3258 
3156 
30S7
1473 1413 1086 730 629
[3iCl3(tu)3l
(I)
3430 
3385 
3270 
3180
1505 1435 1090 700 605
[Sb3Cl9(tu)?]
(II)
3340 
3280 
3185 
3130
1515 1425 1075 715 610
[SbCl 3 (tu) g (DKF )) 
(HI)
3315 
3265 
3160 
3100
1515 1428 1073 705 610
[AsCl3(tu)3l
(IV)
3360 
3280 
3180 
3100
1482 1425 1080 718 575
[Asci3(tu)3(miSO)3]
(V)
3340
3290
3230
3140
1480 1422 1081 705 610
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Table 7.3 continued.
PCl3(tu)(DMF)2 3260 U 6 0 U 1 0 10S0 760 610
(VI) 3200 713
3100
30AO
7iv ..ith antimony (III) chloride in acetone.
SbCl^ core closely resembles its bismuth (III) analogue
than AsCl^, and this is reflectec in the products obtained on
reaction with thiourea. When a A:1 (tu:SbCl^) ratio of
reactants is mixed in acetone a lemon coloured croduct (II) is
obtained which analyses as [Sb^Clg(tu)^], rather than
[ SbCl,(tu),l for which no evidence of formation could be 3 j
found in this system. ^H.I.V'.F. (6.9A cfpnm) and C.N.M.R.
(182.00 (Spnm) data indicate the complex to be dissociated in 
DM30, since the resonances are little shifted from that of 
free thiourea. Solid state i.r. data show that the thiourea 
is coordinated through the sulphur in the so.id state (Table 7.3) 
shown by the lowering of the frequency of the F and G bands and 
the shifts to high energy of the 3 and C bands. Aie structure | 
envisa ed (0) is analo ous to that of the bismuth complex.
7111 With antimony (III) chloride in the presence of DLiF.
The second SbCl^/tu complex prepared was obtained from 
a DYF/benzene solution as yellow solid (III). It analyses as 
[SbCl^(tu)2(DMF)1, containing coordinated DM? as well as thiour0" 
Th* D1'? could be removed by controlled he'1 tin- in vacuum 
ivin- a yellow-orange solid (IV', which was idea?Ionl to produst
(TT) analysing for [Sb^Cl^Ctu)^]
(tU)Cl
(tu)Cl
G
Infra-reo evidence again indicates sulphur coordination 
(Table 7.3). Bands due to D’tF can also be identified, in 
particular the band at 660 cm 1 is assignee to a (0-C-N) 
bending mode little shifted iron, that of free D:.!F (657cm”1).
The carbonyl stretching vibration of free E.IF occurs at 1675cm” , ! 
in our complex the band at 1o30cm is thought to contain
contributions from this mode and also from the (II—H ) bending 
mode of thiourea. For comparison in [Sb(D1iF)g(C10^)i(C-0) 
is found at 1667cm”1 and the (0-C-N) bending vibration at 
670cm”1.
The rroduct (III) is dissociated in DNSO solution as 
shown by the broad resonance (7.01 S ppm) due to HH2 protons 
of thiourea in its 1H.N.N.R. spectrum and the peak (162.85 cfppm) 
assigned to Mc=S in its 1 ^ C.h.i'.R. spectrum, both of which 
are little shifted from uncoordinated thiourea. Resonances 
at 2.72,".88 and 7.?tcfppm in its proton spectrum and at 36.09cTppm
13« .N.R. spectrum confirm the presence of D” F.in its
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A similar structure to that of the bismuth complex, 
BiClj(tu)j, is envisaged for this complex (H) or (X).
JL
7iv »1th arsenic (ITT) chloride in acetone.
Reaction of thiourea with AsCl^ in acetone results in
the precipitation of a white solid (V) - lAsCl^(tu)^] .
I.r. data indicates sulphur donation, the B (1A28cra-1) and
C (12.25cm”1) bands shifting to higher energy and the F (716cm"1)
and G (575cra~1) bands to lower frequency. The D band (1080cm"1  ^
shows very little change in position, but it is much weaker
than that in free thiourea. The low i.r. region contains
several absorptions, mixing of the v^As-Cl) and v(As-S) debars
formal assignment of these bands. (N-C-K) and (N-C-S)
deformation modes may also occur in this region.
The ^H.N.li.R. spectrum of a fresh d^DMSC solution of the 
complex exhibits one broad peak (9.8Ad*ppm) dramatically 
shifted down field from thiourea (7.H^ppm). Decomposition 
of the solution occurs on standing, giving crystals of sulphur. 
Desulphurization of thiourea, by lead and mercury hydroxides, 
has been noted previously and was thought to occur after
1 7 0  > 8 0coordination via the sulphur atom:- ’
HÏÏN. ,''Ho
V
HRNV .KH •VI1
C
1
* - A
9 + 1
V. H \  — OH Y.
/ \ 1 1
HO OH On OH
— ► !.'S + RHÀ'Csi. + H2O %  '.rs + Rh-.^Hg
JL81Similarly on reaction with A s C l ,  in water:-
HpO 7
AsClj + (HgNjgCS----- ► [AsCKCSNgHjîgCHgO)] + 2KC1
2[Asci(csiyi3)2(H2o )]— *-(nh2)2cs + 3(hk2)2co + as2s3
Here adduct formation was observed prior to decomposition 
via obvious solvolysis. The complex [AsCKCSHgH^g.KgO] 
was formulated as either (J) or (K).
The reaction of diphenyl thiourea with AsX^ (X=Br,I) 
was reported to give 1 :1  adducts a s  white and yellow solids 
respectively, only analytical data was presented.^'2
NH • HCl
Tonic sennets of the type [}'e2As(tu)}+Cl_ and 
[{O'egAsftu)]-+Cl-(tu)] have been prepared, the latter was 
shown to contain thiourea coordinated via the sulphur atone,
I Cj
while the chlorine is present ;s the chloride ion ^(Fig 7.3). 
Thiourea is also coordinated via sulphur in the complex 
trichloro [l,3 dimethyl 2(3H) imiaazolethione] arsenic (I'T). 
Here two molecules are loosely joined into 'dimeric units via
I gl
long As-Cl bridging bonds (Fig 7.1). Similar structures 
were proposed for the analogous 1,1,3,3, tetramethyl 2-thiourea
complexes of AsX^ and ArAsXg (X=Cl,Br)^^.
Our complex, [AsCl^(tu)^] , is seen as an ionic structure 
(L), similar to its bismuth analogue.
Cl (tu)
.Cl
Cl — ^ A s —  Cl (tu) 
(tu) Cl I
Cl
L
tu
Fig 7.3. S tructu ra l fea tu re s  of the cationic 
portion of [(C H j^  As (tu)]. Cl. tu.
cFig. 7.4. Structure of the dimeric unit in
A s C l3 (dmit )
HN NH • HCl
✓
\
N H 2
h n .
h2 n
NH
! c - s ^  / S _ C \
X A s  X NH2
Cl
K
■ h 20
Ionic adducts of the type [i.!e2As(tu)l+Cl~ and 
[{(?'e2As(tu)}+Cl“(tu)3 have been prepared, the latter was 
shown to contain thiourea coordinated via the sulphur atom, 
while the chlorine is present 'S the chloride ion (Fig 7.3). 
Thiourea is also coordinated via sulphur in the complex 
trichloro [l,3 dimethyl 2(3H) imiaazolethione ] arsenic (ITT). 
Here two molecules are loosely joined into dimeric units via 
long As-Cl bridging bonds (Fig 7.K). Similar structures 
were proposed for the analogous 1,1,3,3, tetramethyl 2-thiourea 
complexes of AsX, and ArAsX2 (X=Cl,Br)^"^.
Our complex, [AsCl^(tu)^] , is seen as an ionic structure 
(L), similar to its bismuth analogue.
Cl (tu)
^ C l
C l - — A s c i  (tu) 
(tu) Cl I
tu
I ^ tu
tu — ;A s — 'tu 
t u ^
Cl
L
tu
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7v '»ith arsenic (III) chloride in dimethylsulnhoxide.
Carrying out the reactions of AsCl^ v.ith thiourea in 
DHSO rather than acetone leads to the isolation of a second 
product (IV), containing both coordinated thiourea and Iff'SO.
data (9.76,6.05 <fppm) for the complex in d^E'SO 
indicates the presence of two types of NH protons associated 
with thiourea. Coordinated D1.IL0 is confirmed by a H.K.K.R. 
spectrum of the complex dissolved in D2O.
The presence of two types of NH protons suggest two 
possible types of structures (H) or (N).
^NH2Cl'
c
DMSO-
Ac i h2^ c-
DMSO
^  .NHo As— S-Cs - 
| s NH2 C1
DMSO
M
MSO—*As«—NH2
H,NX i V-NH.
lJ  DMSO >  L 
5SA NH2
3 +
3 d
N
However (N) is ruled out on the basis of i.r. data. The 3 
(U.80cm~1) and C (U.22cm-1) bands exhibit high frequency 
shifts and the F (705cm~^) and G (6l0cnf^) bands low energy 
shifts commensurate with sulphur donation. Further the 
weakening of the D (108lcm- )^ band rather than a strengthening 
and the lack of a significant negative shift in -the frequency 
of the v(NH) modes rules out nitrogen coordination (Table7.3).
In the i.r. spectrum cf D'/SO the band at 1015 cm 
represents almost equal contributions from two molecular 
motions, v(S-C) and CH^ rocking,.^®^ The direction of thc 
frequency shift of this band upon complexation c^ -n be used 
to distinguish between oxygen and sulphur bound DTSO. A 
decrease in frequency accompanies oxy;.en coordination whereas 
sulphur donation leads to a frecuency increase. For 
[).sCl^(tu)j(D!!S0)j ] a band is located at 1015 cm-1, indicating 
oxygen donation. For comparison [sbCl-^Dm'SC^]absorbs at 
1028 cm-"*.
The 1 . spectrum of D20 solution of the product
contains two sin_lets, one at 3S.71 cfppn is assigned to 
’^ CKv-S and the other at 167.23 tfppn to (NH2)2^ T h i s  
and ^H.N.y.R. evidence indicates that the thiourea is not 
dissociated.in solution. Structures such as (y) and (P) 
are envisaged.
H2Ns j ^h2c i
Î
s
Cl h 9i\
> - s -
n2N V
ClH2^=C''
■ As-
C I H ^
Si
c
x/ \
s-c^iÎH2c r
- s ^c .n h 2
^ t
NH2Cl
NH,
3 -
[ A s ( DMS0)g]
3-*-
7vi_..ith phosnhom g  (TTT) chloride
There are innumerable instances of phosphorus (Hi)
compounds acting as donors to a wide variety of metal centres . ^  
Acceptor properties will be only slight and this is reflected
) Cg
by the lack of data for such systems. Trost claimed to 
have prepared 1:1 adducts of Et^N ..ith ECl^ and ECl^(E=P,As,£b 
and Bi).: No physical data was offered and the results
could not be substantiated for phosphorus and antimony by 
Holmes and Bertaut.^^~^°^ A weak complex was found between
Me^N and PCl^ at low temperatures but dissociated on vanning
to 273K. Wore recently this complex has been subject to a
¿.32Raman spectral study.
Reaction of PCl^ with thiourea in a mixture of D’.CF and
benzene as solvent, gave a white solid (VII) which analysed
for [PCljituKDWF^]. 1H.N.K.R. spectral evidence supports
this formulation, resonances being observed at 3.269 (3),
3.367(3) and 8.67t(1) <fppm due to D'.'.F and at 7.657(2) cTppm
due to thiourea. The thiourea protons are shifted by
-v 0.6 ppm downfield from that of free thiourea suggesting
that the complex does not dissociate in solution. A singlet
(2.180 <fppm) in the ^P.IJ.M.R. spectrum of the complex is
shifted dramatically upfiela from that of PCl^, end indicates
a unique phosphorus environment. This rules out any ionic
formulations such as [PClgtUgtDI-F)^, ] + [PC1^]~ .2DMF.
Tricoordinate ?(IIT) compounds bearing at least one electro-
31negative substituent generally give P chemical shifts of 
<-100 <fppm, positive shift values usually being indicative
of phosrhines cf th= type PP^ (?.= r.lkyl, aryl or H). Five 
and six coordinate phosrhor a compounds generally nave positive
P chemical shifts, while phosphonium .-sits and phosphorus 
ylids fall into the range -30 to -5<fppm (Table 7.^)»1^ ’^ 1 
The value of 2,160 S ppm for our complex seems indicative of 
a five or six coordinate species. The two singlets in the 
1 C^.N.!,'.R. spectrum are assigned to thiourea (155.930 S ppm) 
and DTP (133.733 tfppm). The former is shifted upfield 
by ~30 t/ppm from free thiourea, supporting the 1H.N.]'.R. 
evidence, that the complex is not dissociated in solution.
In the infra-red spectrum (Table 7.3) the low energy
shifts of the composite B (H60cm-1) and C (11.10cm-1) bands
and the intense (ivn) stretching vibrations (3260,3200,31 00cm-1) 
are indicative of nitrogen coordination. However sulphur
coordination is indicated by the low energy shifts of the G
(610cm-'*) and F (713cm-1) bands. Assignments for this
600 -800cm-1 region are complicated by DTF vibrations also
occurring in this region. The (O-C-'O bending mode occurs
at 657cm-1 in free DMF, the corresponding vibration is
tentatively located at 652cm-1 in the complex. A high energy
shift is usually expected in complexes of DMF bound via the
»92
oxygen, atom, for comparison the band is located at 670 and 
675 cm-1 in the complexes [£b(D'rF)g^+] .3(010^)" and 
[ As(DMF)^ ] ^ +.3(C10^)- respectively.^ Further the carbonyl 
stretching mode is located at 1676cm-1 in the complex compared 
to 1675cm-1 in free D.:F, suggesting only very weak coordination 
if any, between the phosphorus and the oxygen atom of DMF.
It should be noted that the bending (I7H) mode of thiourea 
is r Iso found in this region. Bands at 550 and A35 cm-1are 
assigned to v(P-Cl) modes.
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Table 7.1 P . R .  òf-ts for selectee phosphorus compounds.
Compound chemical shift (S ppm;ref HyO^)
p ci3 -219
r?pci2 -191
!.:e2PCl -91
ve p “ 3 +62
FH3 +22,0
PC1K +60
PPh,3 +89
0't^P)+Br" -25
(n pc i2)3 -20
(1ÍPC12)^ +7
(iipci2)5 +17
« V
-96
PCi6- +261
C13Pi X )
+ 26
S=PCl(lu.le2)2 -91
ClP(Me2)2 -159
lv'e
/KnCIP. -167
SN— '
Me
o?ci3 -2
S=C13 -30
In view of the limited evidence fo r  Lewis acid  behaviour
of PCIy it seems extremely unlikely that the complex is a 
simple six-coordinate donor-acceptor complex (x).
Q
Phosphorus (III) halides are known to react with a 
variety of primary and secondari' amines, eliminating HC1 to 
form P-N bonds:- **77,1-93
2Rr>NH + p c i3 — ► R^PCl + R2NH2+C1"
3ButNH2 + p c i 3 ---*4 (Bu1 PKC1)2 + 2 ButUH3+Cl
.OH n/
h 2c + PCI, K C \-------- >  tì2| P-Cl + 2HC1
H 2Cv _,
j h 2c v /
ill lK
Ph P h
These reactions gener lly rely on removal of HC1 to help the 
reaction proceed, usually by addition of excess base. 
Thiourea contains two amine centres capable of reaction with
PCljJ ,
eg. S = C  +
\.„
Df «1
H
/ \
^  p i  p  ' r *  c +  2HC1
i .n 2
1r l . R .  and a n a l y t i c a l
H
data p r e c lu d e s  such a r r o c u c t  uri
: r e s e n t  a s  the 1. ’  OChlOI•ice (R), with T' r rrr s e n t  e i t h e r
V. o r ay coorcina ted or ns solvent of c r y s t a l l i s a t io n .
Cl
\ v H
Cl-P' 'C-=C 
K
r/ n H
ci"
R
»
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Due to the extreme air/moisture sensitivity of the 
majority of materials described in this thesis, s number of 
specialised preparative and manipulative techniques were 
employed. These involved the handling of the materials either 
under an inert atmosphere or in a high vacuum.
Glassware was soaked in chromic acid and cried by baking 
in an oven at 39&K for several hours prior to use. here 
possible apparatus was flamed out whilst being pumped on the 
vacuum line.
The ’Dry Box. A ste-sl glove box with a Perspex front and an 
'air' lock type entrance port, was used to maintain a dry, 
oxygen-free, nitrogen atmosphere for the handling of the 
materials. Phosphorus pentoxice in open dishes removed 
residual traces of moisture.
The Vacuum Line. A standard, all glass, high vacuum system 
(Fig. A.1), the vacuum was produced and maintained by a 
Genevac double stage rotary piston vacuum pump, type GHP3.
An electrically heated mercury diffusion pump, was also used.
Solvents were rigorously cried prior to use in solvent 
stills (Fig.A*2) which readily allowed a rapid reflux, coilection 
and removal of solvents under a dry nitrogen atmosphere. 
Chloroform was distilled from phosphorus pentoxide, the 
other comron solvents from calcium hydride. Diethylether 
was dried by standing over sodium wire and tetrahydrofuran 
distilled at reduced rressure from sodium/bensoquinone.
The majority of reactions were carried out ir. single

FIGURE A-2. SOLVENT STILL
ampoules (Fig. A.3) which could be seslec via the teflon
screw tap (A). Double ampoules (Fig. A.4.) were used for
those cases where the product of the reaction v.ss soluble,
but the starting material insoluble. In particular for the
preparation of trimethylarrine adducts of the early transition
metal halides. This type of reaction vessel allowed the
isolation of tni product in flask C while the insoluble
starting material remains in flask A.
The main preparative procedures used are given below.
Reaction of solid + solid. The two solid reactants were
loaded into a single ampoule. Dry degassed solvent was
distilled onto the solids by use of the vacuum line.
Reaction of solid + volatile liquid. The solid was loaded into
a single ampoule. The volatile liquid, and any solvent ♦
required, was then distilled onto the solid under reduced 
pressure on the vacuum line.
Reaction of solid involatile liquid or soluble solid.
The solid reactant was loaded into a single ampoule and the 
involatile liquid or soluble solid into a flask. By use 
of the vacuum line os in Fig. A.5, solvent could be distilled 
into the flask A ana the solution transferred to the ampoule. 
Extraction of products. If either the product or reactant 
was insoluble but the other component soluble, purification 
could be achieved by an extraction process (Fig. a .6).
Column chroma to;raphy. Florisil and alumina, dried by baking 
in an oven at 398K and C'-rb vymethyl cellulose (.hntmans Cl.'II), 
dried by numpin: in vacuo, were used as column packing materials
FIGURE A3. SINGLE AMPOULE
FIGURE A4. DOUBLE AMPOULE
Vacuum line
FIGURE A 5. LOADING ON EXTRACTION SYSTEM
Vacuum lina
• FIGURE A 6. EXTRACTION ON THE VACUUM LINE
Spectral measurements were recorded on the following
instruments:
Infra-red spectra (4-000-200cm~^). Perkin-Flmer 621 grating 
infra-red spectrophotometer. Samples were run as nuiol and 
hexachlorc-butadiene mulls held between caesium iodide plates, 
or as solutions in caesium iodide windowed infra-red solution 
cells.
Far Infra-red spectra (A00-50cm~'1). Research and Industrial
Instruments F.S-720 Fourier spectrophotometer. The machine
v.as calibrated against the rotational spectrum of water vapour.
Samples were run as nuiol mulls held between polythene plates.
“Electronic spectra (700-160am) . Cary 11. spectrophotometer.
Solution spectra were recorded in sealed 1 cm silica cells
(Fig.A.7). The cell, containing the samples olution, was
sealed under vacuum at the constriction B, allowing ready
dilution of the solution to be made in situ.
Nuclear Magnetic Resonance spectra. High resolution
1H, 1V 1P- Bruker iYH90 (901.!Hz) instrument, 1H - Perkin-Elmer
1 i 3R12 (60LH z ) spectrometer. H and C.N.M.R. spectra were
31
calibrated against tetramethysilane, P.N.Y.R. spectra against 
8Cb' phosphoric acid in water. “ample solutions were seeled 
in pyrex N.H.R. tubes (Fig.A.8) under vacuum.
Idass soectra. VG idicromass 12 instrument.
Chemical Analysis. Butterwcrths Micro Analytical Centre,
Tecdington, Middlesex

PURIFICATION AIJD PR? ? / RATIOK OF bTARTIK:' ' 1 .
Antimony (III) chloride. (May and Baker Ltd., Dagenham, ass-y.) 
Colourless solid, mpt 3L6K, purified by sublimation in vacuo 
before use.
Arsenic (III) chloride. (Hopkin and ..'illisms, Chad»ell Meath, 
Fssex). Colourless liquid, bpt L03K, used without further 
purification.
Bismuth (III) chloride. (Fis-ns, Loughborough, Leicestershire) 
'hite crystalline solid, mpt 503K, sublimed in vacuo prior to 
use.
Bis(cyclopentadienyl) bis (ethanethiolsio)-titr-nium(IV). 
Prepared from (C^H^^TiC^ an<^  -tSH using the method of Kopf
) O)
and Schmidt, as dark maroon-purple, malodourous crystals. 
The material was stored in sealed glass ampoules under 
nitrogen as very slow decomposition v.as observed in air.
Bis (cyclopentadienyl) titanium (IV) chloride. (Aldrich, 
Gillingham, Dorset.) Red crystals, mpt 563K, used as supplied. 
Butylamine. (B.D.H.Ltd, Poole, Dorset) Liquid bpt 317K, used 
as supplied.
Chromium (III) chloride - Anhydrous. (Pfsltz and Bauer, 
Flushing, N.Y.) Purple platelets used without further 
purification.
Chromium (III) chloride tris (tetrahydrofuran).
2n0Prepared by literature method as either a purple THF
solution or by removal of solvent as a purple solid. 
Deutero-benzene. (Fluorochem Ltd., Glossop, Derbyshire.) 
with LiALH. prior to use as an K.F.R. solvent.Dried
Peuterc-chloroform (î'erck, Sharp and Dohm.e, 61 Darmstadt, 
Germany). Dried over before use.
Deutero-dimethylsulphoxide. (Merck, Sharp and Dohme,
61 Darmstadt, Germany). Used as obtained.
Deuterated-water (Merck, Sharp and Dohme, 61 Darmstadt,
Germany). Used as obtained.
Dicobalt octacarbonyl. (Strem Chemicals Inc.,Danvers, Mass.). 
Stored at 273K in the dark and purified prior to use by 
vacuum sublimation.
Pi iron enneecerbonyl. (Cambrian Chemicals, Croydon,Surrey). 
Stored at 273K in the dark, used as supplied.
Diman, anese decacarbonyl. (Strem Chemicals Inc.,Danvers, Mass.). 
Stored in the dark at 273K, and purified before use by vacuum 
sublimation.
Pimethylamine. (3.D.K. Ltd, Poole Dorset.) Liquid bpt 260K, 
distilled from over KCH pellets prior to use.
Dimethylformahide. (B.D.H. Ltd, Poole, Dorset.). Colourless 
liquid, bpt L22-L29K used as supplied.
Dimethylsulphoxide. (B.D.K. Ltd, Poole, Dorset.) Clear, 
colourless liquid, mpt 291K, decomposes on heating, used 
without further purification.
Dimethyltin (IV) chloride. Prepared by disproportiontion 
of SnCl, and Me,Sn^^. White crystals, mpt 363K, purified 
by vacuum sublimation.
Dirhodium (I) tetracarbonyldichloride. Prepared by the method
of McClrvrrly and Wilkinson,2, ° from [RhCl^h^O)nnd carbon 
monoxide (uir.. The ornn/e solid was purified by vacuum
sul lli> 11 on.
1 f 3 Di ( tert-butvl)2.A. dichloro “¡'‘’.¿fl diacacirr.os - heticine. 
Prepared according to the method of Jefferson et al,1 0^ from 
and Bu^KEj* Jhite solid, mpt 317—319K, bpt at 0.5mmHg,
3b3K, purified by vccuum distillation.
Hexachiorobutadiene. (B.D.H.Ltd, Pccle, Dorset). Spectroscopic 
grade used es supplied.
Hexamethyldisiloxane. Prepared following the hydrolysis of 
î . ' e ^ S i C l The colourless liquid product bpt 373K, v;as purified 
by fractional distillation from over ?0C^.
Hexamethvlcisila thisne. Prepared by tne method of Armitage et 
el following the reaction scheme:-
CK /=rliI ----► 2î.:e5SiK^_ l
2!.'e^ SiI< H2S --- y 2(l,:e3Si)2S +
EXTRPYn CARE is recuired in handling hexanetnyldisilathiane 
as it is particularly malocourous. All apparatus was soaked 
in KMnC, solutions after use to remove the odour and when 
handled in the dry box the outlet bubblers were supplemented 
with traps containing KhnO^solution.
Litnium n-butyl. (Aldrich, Gillingham, Dorset). Supplied as 
an n-hexene solution.
Lithium methyl. (Aldrich, Gillingham, Dorset) Supplied as 
an Zt20 solution.
Molybdenum hexacarbonyl. (o.D.H.Ltd, Poole,Dorset.) ntorec in
- o  i
the dark et 273K, sublimed in vacuo prior to use.
!
Norbornadienyl tetracarbonyl molybdenum. Prepared by the 
i o gliterature method, and sublimed in vacuo prior to use.
Nu.jol. (Fisons, Loughborough, Leicestershire). Spectroscopic 
grade, used es supplied.
Phosphorus ( I T T)  chloride. (Fisons, Loughborough, Leicestershire! 
Colourless, fuming liquid, used as supplied.
Pyridine. (Fisons, Loughborough, Leicestershire! Colourless 
liquid, distilled under reduced pressure from over KOn pellets 
before use.
1.L.7.10 Tetrazadecane. (Union Carbide Ltd, Southampton, Hants.). 
Distilled from over KOH pellets at reduced pressure prior to use. 
Tetrametnylsilane. (Merck, Sharpe and Dohme, 61 Darmstadt,
Germany ). Stored at 273K, used without further purification. 
Tetramethyl tin (IV). Prepared from SnCl^ and MeMgBr, 
colourless liquid bpt 351K.
Thiourea. (May and Baker Ltd, Dagenham, Essex.) 7,'hite crystals, 
mpt L55K, used as supplied.
CTRE, cancer suspect agent.
Tin (IV) chloride. (Fisonc, Loughborough, Leicestershire) 
Colourless liquid, bpt 3&7K, used without further purification. 
Titanium (IV) chloride. (Fisons, Lou-hborou h, Leicestershire) 
Pale yellow liquid, bpt L09K, used as supplied.
Titanium (Trf) chloride-Anhydrous. (K and K laboratories, 
Plainviev.’, w.Y.) Dark violet crystals used without further 
purification.
Titanium ( t r r) chloride tris (tetrohydrofurnn). TiCl5 woe
-  252 -
extracted with boiling THF via a soxhlet thimble. The resulting 
pale blue solution was used directly or the solvent removed to 
give pale turquoise crystals of [TiCl^(THF)^J .
Triethylamine. (B.D.H. Ltd. Poole, Dorset) Colourless liquid, 
bpt 362K , distilled over XOH pellets under reduced pressure
as required.
Trimethyl chlorosilane. A generous gift from Dow Corning Ltd 
Midland, Michigan, is gratefully acknowledged.
Colourless liquid, bpt 332K, used as obtained.
Trls(2-Aminoethyl) amine. (Strem Chemicals Inc., Danvers, Mass.) 
Purified by fractional distillation at reduced pressure over 
KOH pellets.
Tris(2~dimetnylamlno)fejnine_ (Strem Chemicals Inc., Danvers, Mass. 
Purified by fractional distillation over KOH pellets under 
reduced pressure prior to use.
Vanadium (IIP chloride - Anhydrous. (K and K Laboratories, 
Plainview, N.Y.) Pink crystals used as supplied.
Vanadium (ITI) chloride tris(tetrahydrofuran). Frepared by 
extraction of VCl^ with boiling THF via a soxhlet thimble.
The solution could be used directly or mauve crystals of 
[vCl^ (TKF)j] obtained by removal of solvent.
Zirconium metal. (Cerac/Pure Inc, Menomonee Falls, Wisconsin.) 
Used as obtained.
Zirconium (IV) chloride. Prepared from zirconium metal and 
chlorine gas in the apparatus shown in Fig.A.9. A slow stream of 
chlorine mixed with nitrogen carrier gas, was passed over the 
surface of the zirconium metal at 800K. The zirconium (IV) 
chloride sublimes out of the furnace into the receiver.

APPENDIX B.
- ?5' - »54. -
i::op.g/.:-:is ko2.^:iiclatuhe.
The contents of this appendix consist of snort exce’pts 
from the relevant sections of the report of the commission on
the nomenclature of inorganic chemistry (1937) 500 These
give a brief outline of the .eneral principles of inorganic 
nomenclature used in this thesis.
In general terms a coordination entity refers to molecules 
or ions in which there is an atom (A) to which are attached 
other atoms (?) or groups (C). The atom A is known as the 
nuclear or central atom, ana all other atoms which are 
directly attached to A are known as coordinating or ligatin;- 
atoms. ■‘¿ach central atom A has a characteristic 
coordination number or li.-ancy which is the number of atoms 
directly attached to it. '¿'he atoms 3 and groups C are called 
ligands. A group which contains more than one potential 
coordinating atom is referred to as a multidentate ligand.
A chelate ligsnd is one attached to one central atom through 
two or more coordinating atoms, a bridging group is one attached 
to more than one centre of coordination. The whole assembly, 
with one or more central atoms end their ligands, is referred 
to as coordination entity, or more generally a coordination 
compound or complex.
¿'he simple multielvin affixes, mono, di, tri, tetra, 
penta, hexa, octa, ennea (none), ceca, undeca, doceca, etc, 
are used to indicate stiochiometric proportions, the extent
are
ch
hich
a t i v
I t .
of substitution and the number of identical coordinated groups 
They are used by direct joining without hyphens. The
-  2 5 1  -
multiplicative affixes bis, tris, tetrakis, pentakis, etc are 
used to avoid ambiguity. 'A'hey are used by direct joining 
without hyphens but usually with enclosing marks around each 
whole expression to which the prefix applies.
Arabic numerals are used to designate the atoms at which 
there is a substituent or addition in a chain. Arabic 
numerals followed by + or - and enclosed in parentheses also 
are used to indicate the charge on a free or coordinated ion. 
Roman numerals are used in parentheses, after the name of the 
atom, to indicate the oxidation number of an element. The 
cipher 0 is used to indicate an oxidation state of zero, a 
negative oxidation state is indicated by the use of the negative 
sign with a Roman numeral.
The ligands are listed in alphabetical order regardless 
of their number, the name of a ligand being treated as a 'unit. 
Anionic ligands. In general, if the anion name ends in -ide, 
-ite, or -ate, the final ’e* is replaced by 'o', giving -ido, 
-ito, and -ato, respectively. Some exceptions are listed 
below:-
Ion Ligand.
F~ fluoride fluoro
Cl" chloride chioro
Br" bromide bromo
I" iodide iodo
O2" oxide 0 X 0
H" hydride hydride
CH" hydroxide hydro/.o
peroxiae peroxo
cyanide cyano
Neutral and Cationic ligands. The name of a coordinating 
molecule is usej without change except for the special cases of 
water, which becomes sous, and am coni a, which becomes ammine. 
Also the groups 110 and CO, v.hen linked directly to a metal 
atom become nitrosyl and carbonyl respectively. All neutral 
ligands, with the exception of those cited stove are enclosed 
within brackets.
For geometrical isomers the prefixes cis, trans, fac 
and mer are used where they are sufficient to designate specefic 
isomers. .here locant designators are used they are lower case 
letters, the first ligand mentioned is given the lowest 
possible designator ana the second liganc the next- possible 
designators etc.
Bridging atoms or groups are indicated by adding the 
Greek letter ja immediately before its name and separatin' 
the name from the rest of the complex by hyphens. Two of more 
bridging groups of the same Kind are indicated by a multiplicat­
ive prefix immediately prior to the -JJ-. The bridging 
groups are listed with the other groups in alphabetical order 
unless the symmetry of the molecule permits simpler names by 
the use of multiplicative prefixes. If the same ligand is 
present as a bridging ligand and as a non-bridging ligand, 
it is cited first as a bridging liand.
Po lyn uc le a r  c ompounds without brie.-in-- . r o u r s . c o n ta in in g
metal-metal bonds, v, en symmetrical, are namec by the use ot 
multiplicative prefixes. .hen unsymmetricsl m e  central stem 
shall be treated as ligand on the other centre.
For linkage isomerism the different points of attachment 
of a ligand maybe denoted by addin the italicized symbol(s) 
for the atom or atom through which attachment occurs at the 
end of the name of the ligand. In some cases different 
names are already in use for alternative modes of attachment, 
eg. thiocyansto (-SCS) and isothiocyanato (-hCS); nitro (-I.'Og) 
and nitrito (-O’vO).
Other prefixes used are listed belov.’, they are italicized 
and separated from the rest of the name by hyphens.
Antiorismo- eight atoms bound into a rectangular antiprism. 
asym- asymmetrical.
catena- a chain structure, often used to designate linear
polymeric substances,
closo- a cage or slosed structure.
cyclo- a ring structure.
oodecahedro- eight atoms bound into a dodecahedron j.th 
triangular faces.
hexnhedro- eight atoms bound into a hexahedron.
hexaprisrao- twelve atoms bound into a hexagonal prism
icosahedro- twelve atoms bound into a triangular icosahedron.
nido- a nest like structure.
octahedro- six atoms bound into an octahedron.
rentsrrismo- ten atoms bo'.nd into a pentagonal prism.
CUS-C TO— four atoms bound into a ouadrangle
sym- symmetrical
tetrr.hecro-
trianyulo-
triprismo-
four atoms bound into a tetrahedron, 
three atoms bound into a triangle, 
six atoms bound into a triangular prism.
o' - signifies that one atom of the group is attached to a
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